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PEEFACE TO THE FIFTH EDITION. 



- \ The Fifth Edition has been carefully revised, and 

"' \ brought up to date. The questions set at the 

1895 ^^^ 1^9^ Examinations of the Science and Art 
Department in " Elementary Steam " have, as far as 
possible, been inserted at the end of the several 
\ Lectures to which they belong, whilst the remainder 

have been put into an Appendix at the end of the 
book with references to the sections in which the 
subjects are treated. I am indebted to Mr, Robert 
M. Anderson and Mr, David Robertson for assistance 
in connection with the revisal of this edition. 

ANDREW JAMIESON. 

A 

The Glasgow and West of Scotland 
* Technical College, 

September 1896. 
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INSTRUCTIONS TO BB FOLLOWED IN THE WRITING OF 
HOME EXERCISES. 

1. Put the date of handing-in each exercise at the right hand top comer. 

2. Leave a margin an inch wide on the left hand side of each page ; and 
ki the margin place the number of the qnestion, and nothing mora 

3. Leave a space of at least four lines between yonr answers for remarks 
or corrections. 

4. Be sure yon tmderstand exactly what the question requires 70a to 
answer, then give aU it requires, but no more. If unable to answer any 
question, write down its number and the reason why. 

5. Make your answers concise, clear, and exact ; and accompany them, 
whenever practicable, by an illustrative sketch. 

6. Make all sketches large, open, and in the centre of page, and do not 
crowd writing about them. 

(Note.— The character of sketches will be considered in awarding 
marks.) 

7. Every sketch must be accompanied by an "Index of parts" written 
immediately beneath it, and must accompany the answer it is designed to 
illustrate. 

(Note. — ^The initial letter or letters of the name of the part must 
be used, and not A, B, C, or i, 2, 3, &c. ) 

8. Unless specially asked by the question, every sketch must be accom- 
panied by a concise written description. 

9. Every answer which receives less than five marks must be re- written 
correctly for next evening, before the usual class work, and headed 
"Re-written." 

Rbmabks. — Students are strongly recommended to write out each 
answer in scroll first, and then to compare it with the question. After 
committing the answer to their book, they should then read it over a 
second time, to correct any errors they may discover. Reasonable and 
easily intelligible contractions are permitted. Students are invited to ask 
questions and explanations regarding anything they do not understand. 
Except in special cases, arrears of Home work will not receive marks. 



N.B.— Students who from any cause have been absent from a 
lecture should send a post card or note of explanation to their 
teacher. If they miss any exercise or exercises they must state 
the reason (in red ink or underlined), in their exercise booko 
when handing them in next night. 
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PREFACE. 



This Manual has been written expressly for Apprentice Engineers 
and Elementary or First-year Students studying Steam and the 
Steam Engine. It covers the elementary stage of the Science 
and Art Department's Examination in Steam, and, for the most 
part, the First Steam Engine Section of the City and Guilds of 
London Institute's Technological Examination in Mechanical 
Engineering. 

The book contains twenty-eight short Lectures, with a selection 
of Questions at the end of each Lecture, systematically arranged 
in the order of treatment of the subject. The first three Lectures 
are devoted to the mensuration of lengths, surface areas, and 
volumes. It is most desirable that the student should know how 
to find the circumference, area, and volume of a cylinder, &c, <Scc., 
before he commences to study steam and the steam engine. If 
arithmetic were properly taught in schools, there would be no 
necessity for introducing mensuration here ; but unfortunately^ 
with the Educational Codes at present in force, arithmetic is not 
mastered nearly so thoroughly as it used to be — ^at least in 
Scotland ! Lectures IV. to XVII. are devoted to the considera- 
tion of elementary phenomena in connection with heat and steam, 
and their actions on the cylinder and the condenser of an engine. 
This may be termed the preparatory or theoretical portion of the 
book. Lectures XVIII. and XIX. explain the difference between 
Newcomen's and Watt's, between single- and double-acting, and 
betwe^i simple expansion, compound, triple, and quadruple expan- 
sion engines. Here a little history is introduced, but throughout the 
book historical events and descriptions of defunct forms of steam 
engines are avoided as far as possible, for the junior student 
should first master the principles and action of the steam engine 
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viii PBEFACE. 

of the present day before attempting to appreciate the man^ 
flucceesful and unsuccessful attempts of early ihventors. Tho 
remainder of the book is chiefly descriptive, and, since the space 
at my disposal was necessarily limited, I have confined my 
remarks and diagrams, for the most part, to an explanation of 
the general construction and details of one good modem com- 
pound marine engine and boiler. 

The book, as a whole, forms an easy introduction to my larger 
and more advanced Text Book on Steam and Steam JSnginea^ 
issued by the same publishers. It may be thoroughly discussed 
in the minimum number of lectures demanded by the Science 
and Art Department, if the student systematically works out at 
home a few of the Questions given at the end of each Lecture, and 
hands them to his teacher for correction. This system of com- 
bining short lectui'DS with numerous examples and sketches to be 
worked out by the student at home, produces the most satisfactory 
results. 

I have been much indebted to Reed's excellent Engineer's 
ffandbook to the Local Marine Board Examinations for Certi- 
ficates of Competency as First and Second-class Engineers, and to 
Mr. Somerscales' Collection of Questions on the Steam Engine, for 
hints as to the treatment of the first three Lectures and some of 
the examples throughout the book. I have also to express my 
obligations to Mr. Middleton, Teacher, Orkney, who kindly ex- 
amined the manuscript of the part on Mensuration; and also 
to Mr. Wm. C. Borrowman, Wh.Sch., who has assisted me in 
revising most of the proofs. 

If any errors should be observed by readers, or answers obtained 
to unanswered arithmetical questions, I shall feel much obliged 
for an early note of them, and I shall also gratefully acknowledge 
the receipt of any suggestions or communications tending to 
increase the usefulness of the work, as my desire is, as far aa 
possible, to keep it abreast of the times. 

ANDREW JAMIESON. 



The Glasgow and West op Scotland 
Technical College, 

September 1888. 
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ELEMENTARY MANUAL 



ON 



STEAM AND THE STEAM ENGINE. 



LECTURE I. 

OOHTENTS. — Importance of mastering Elementary Mensuration— Tables of 
Lineal and Square Measure — To Find the Area of a Square; an 
Oblong ; any Parallelogram ; a Triangle ; a Trapezoid ; a Trapezium ; 
with Examples. 

As mentioned in the Preface, we consider it of more importance 
that the student, when commencing the study of " Steam and 
the Steam Engine/' should be well dnlled in Mensuration than in 
the historical parts of the subject. However interesting and in- 
structive the history of the Bise and Progress of the Steam 
Engine may be, experience has proved to the author that junior 
students cannot*, form* a proper appreciation of the gradual growth 
and improvements that have, from time to time, been made in 
the forms and actions of steam engines until they have first 
thoroughly mastered the fundamental principles of measurement, 
the properties of heat, of steam, and the action of the steam 
engine as made and worked at present. In following this view, 
we have consequently omitted almost all reference to historical 
events or antique forms of apparatus;* but have, instead, 
devoted the first three lectures to the common rules used by 
engineers in estimating lengths, areas, volumes, and weights of 
different forms of apparatus and pieces of machinery, or what 
is generally termed " taking out quantities.'' The student mtbst 

* For a short history of the Rise and Progress of the Steam Engine in its 
various forms, students may refer to the author's more advanced Treatise 
on Steam and Steam Engines, issued by the same publishers. 
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2 LECTURE I. 

thoroughly master these simple rules and their applications, 
because they are of every-day use in the workshop and the 
drawing-office. 

We shall assume that the student is familiar with the elements 
of arithmetic, and of algebra, up to and including simple equa- 
tions, with the first or elementary stages of freehand drawing, of 
practical plane and solid geometry, and of machine-construction 
drawing as laid down in the Syllabus of the Science and Art 
Department. 

Tables op Lineal and Square Measure. 



Length. 

12 inches make i foot 

3 feet ,, I yard 

6 ,, M I fathom 

5280 ,, ,, I mile 

6080 „ ,, I knot 



Surface. 
144 square inches make i square foot 
9 „ feet ,, I „ yard 
007 X square inches = square feet 



V' 


__/__. 


-*l 










: 





^_t 



I. To Find the Area of a Square. 

DEFINITION.— -4 square is a plcme four-aided figure^ having 
all its aides equals and all ita angles right 
angles. Or, a square is a rectangle with all 
its sides equal. 

RULE. — Mrdtiply the length, Z, by the 
breadth, b. Or, square one of the sides. 

EXAMPLE I.— One side of a square 
piece of metal is 2*5 feet. What is its area 
in square feet and in square inches 1 Apply- 
ing the above rule we have^ 

2*5 X 2-5 (or 2*5*) = 6*25 square feet. 

Now, since there are 144 square inches in i square foot, how 
many square inches will there be in 6*25 square feet? 

Let X stand for the number of square inches required, and put 
it into the 4th term. Put the known number of square inches, 
viz., 144, into the 3rd term. Now ask the question. Will the 
answer be greater or less? — Greater. Then put the greater of 
the other known quantities into the 2nd term, and the lesser into 
the ist term. Thus : — 



latTerm : 
I sq. ft. : 


2nd Term :: 
6-25 sq, ft. :: 


yrd Term 
144 sq. in. 


: afihTerm, 
: X sq. in. 


^. X 


_ 6-25 X 144 

I 


= 900 square 


inches 
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MENSURATION AREA OF PARALLELOGRAMS. 3 

EXAMPIjE II. — A square piece of boiler-plate is 30*25 
square feet. What is the length of one of its sides in feet and 
in inches 1 

Here we have simply to reverse the process of finding the 
area — viz., to extract the square root of 30*25. 

The Jz^'2$ is found thus : — 

5 ) 30*25 ( 5*5 feet length of side. 
+ 5^ 25 
105) 525 
525 

Or, 5*5 feet x 12 = 66 inches length of side. 

2. To Find the Area of an Oblong or Beotangular Paral- 
lelogram or Beotangle. 

DEFINITION. — An oblong is a plane four-sided figure, whose 
opposite sides are equal, and whose angles ^ j , 

are all right angles, 1^^ " ' ~ ^~ *■ 

RULE. — Mvlidply the length, I, by the 
breadth, b, 

EXAMPLE III.— A boiler-plate is 
10 feet long by 4 feet 6 inches broad. 
What is its area in square feet, and 
what is its weight at 30 lbs. per square 
foot? 

Area = / x b =■ 10 feet x 4*5 feet = 45 square feet. 

And I : 45 : : 30 lbs. ; x lbs. 

EXAMPLE IV. — A boiler-plate weighs 40 lbs. per square foot, 
and its total weight is 1800 11:^. Its breadth is 4 feet 6 inches. 
What is its length] 

First find the number of square feet in the plate. 

Thus, 40 lbs. : 1800 lbs. :: i- square foot : x square feet. 

1800 XI ^ ^ 

/. X = — = 45 square feet. 

Second, divide this 45 square feet by the breadth, 4*5 feet , 
/. 45 -f- 4-5 = 10 feet long. 
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LECTURE L 



3. To Find the Area of any Parallelogram. 

DEFINITION. — A pttrullelogram is a plane four-sided figure^ 

wJiose opposite sides are 
parctUel and equal, 

RULE. — Multiply the 
lengthy I, by the perpendicular 
Iieight or breadth, b, 

EXAMPLE v.— The 
length of a plate is 7 feet, 
its perpendicular breadth is 




_!-» 



5 feet. What is its area in square feet ? 

Area = Zx5=7x5 = 35sq. 



ft. 



4. To Find the Area of a Triangle. 

DEFINITION. — A triangie is a plane fgure bounded by three 
sides. The following figures show different forms of triangles : — 




~l -A He — I — >« U — I — -w U-i — ^ 

Equilateral TsoaeeUs Right Angled Obtuse 



U — Z— J 
Acute Angled 



RULE. — Since a triangle is half of a parallelogram of same 
length and height, multiply base or length, I, by ludf the height, h, 

EXAMPLE VI.— The base or length of a triangle is 2 feet 

6 inches long, while the height is 3 feet 6 inches. Find its area 

in square feet and in square inches. 

h '^*i» 

Area = Z x - = 2*5 feet x ^L^ feet = 2*5 x 175 = 4*375 square feet; 

•*• 4-375 square fee*? x 144 = 630 square inches. 
EXAMPLE VIL— Thearea of a triangle is 3-375 square feet, 
its base or length is 2 feet 3 inches : what is its h^gfatl 

Area = Z x - . 
2 ^ 

3*375 square feet = 2*25 feet x - 

2 

2-25 
Or, by proportion: — If we have a triangle i square foot in 
area, whose base or length is i foot long, then its height must 
be 2 feet. Consequently, what must be the height, h, of a tri- 
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MENSUKATION ABEA OJP A TRAPEZIUM. 



angle whose area is 3*375 square feet, and base or length is 2 feet 
3 inches ? 

2*25 ft; base : i ft. base :: 2 ft. height : h 

I sq. ft. area : 3*375 sq. ft. area. 

Since the product of the extremes is equal to that of the means, 
we have, 

hx2'2$ X I = 2 X I X 3*375; 

I^LIATI = 3 feet (as before). 
2*25 



Or, 



h = 



5. To Find the Area of a Trapezoid. 

DEFINITION. — A traptzwd U aptcme/our-aicUd figure having 
two of Ua sides paraUel, 

1 




RULE. — Multiply half the smn of tlie two paraUd aides {J,^ and 
h) ^ ^^^ perpendicular breadth^ or height^ h, between them, 

2 



Or, area 



h. 



EXAMPLE VIII.— Find the area of a fourndded plate, with 
two parallel sides, 1^ = 6 feet, l^ — s feet 6 inches, and breadth = 
3 feet. 



Ai«a = ?LKxA = ^±^S 



X 3 = 14*25 square feet. 



6. To Find the Araa of a Trc^zium or any Quadrilateral. 

DEFINITION. — A trapezium ia a plane figure bounded by four 
unequal atraight Ivnea, It ia, there/orey different from a square, 
an oblong, and a pa/raUelogrami, 

RULE, — I St. Join any two of 
the opposite angles by a dotted 
line, thus dividing the figure 
into two triangles. Measure 
thia line, and call it the base or 
length, I, of each triangle, 

2nd. Measure from the base 
line, I, the perpendicular Iieighta, 
h^ and A„ of each triangle. 
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6 LECTURE L 

3rd. Find the area of each triangle hy the rule already given ; 
their sum is the area of the whole figure. 

Or, area =i X *■ + i X ^ = /f-'^V 

2 2 V 2 / 

EXAMPLE IX. — In an irregular four-sided plate of trape- 
zium form, the distance, ^ = 5 feet, A^ = 2 feet, and A, = i foot 
6 inches. Find the superficial area of the plate. 

Area = ^/^tiA = s{^~-^\ = 875 square feet. 

7. To Find the Area of any Beotilineal Figure or 
Polygon. 

DEFINITION. — A rectilineal figure is a plane figure hounded 
hy straight lines. The sides may be of any number, according to 
the shape of the figure. 




RULE. — Divide the figure into convenient parts. Find the area of 
each part, and the sum of the parts will he the area of the wliolefvgure. 

Note. — In general, the parts into which the rectilineal figure can 
be most conveniently divided will be triangles ; but in certain cases 
a square, a parallelogram, or a trapezoid may form one or more of 
the parts. 

EXAMPLE X.—Referring to the first figure above, let it 
be divided as shown by the dotted lines, and let ^1=5 feet, /, = 
6 feet, Aj = I foot, A, = 3 feet, and A, = 2 feet. Find the area of 
the figure. 

Area = Z, X i^ + Z x \+ Z, x i^ = /, x ^^ + zY^?^A 
* 2 * 2 * 2 2 *\ 2 / 

ai 2-5 + 6 X 2-5 

« 17*5 square feet. 
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MENSURATION — AREA OF A POLYGON. f 

EXAMPLE XI.— Referring to the kst figure, take the dimen- 
sioDS and working out given in Todhunter's MenaurcUum for 
Beginnert, where ABODEF is a six-sided figure : BK, OL, EM, 
and FN are perpendiculars on AD. The following lengths are in 
feet:— 

BK = 3, 0L = 4, EM = 47, FN = 51. 

Also AK = 3-4, KL=3-2, LD = 4i, AN = 33, NM = 5-3. 

It follows from these lengths that AD » 107, and that AM = 8*65 
hence MD = 107 - 8*6 = 2*1. 

The area of the triangle AKB = J x 3*4 x 3 = 5*i sq. ft. 
The area of the trapezoidBKLO = 1x7 x 3*2 = 11*2 
The area of the triangle DLC = I x 4*1 x 4 = 8*2 
The area of the triangle ANF = I x 3*3 x 5-1 = 8-415 
The area of the trapezoid FNME = | x 9*8 x 5-3 = 25-97 
The area of the triangle EMD » | x 2-1 x 4-7 = 4'935 
.-. The area of whole fignre » the sum s 63-82 
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Lbctubb I.— ^sstiohb. 

1. If 7 bolts are pitched at 5 inches apart in a straight line, what is the 
distance between the centres of the outside bolts 7 Ans. 2 feet 6 inches. 

2. There are 9 bolts in a straight line ; the distance between the centres 
of the outside bolts is 3 feet 6 inches. What must be the pitch f Ans. 
5*25 inches. 

3. The distance between the centres of the outside bolts is 5 feet 
loj inches, the pitch is 6g inches. How many bolts must there be in a 
straight line 7 Ans. 12 bolts. 

4. A sheet of lead is 10' 4" square. Find its weight at 7 lbs. per square 
foot. Ans. 747*44 lbs. 

5. What is the number of square inches in a rectangle which measures 
24 inches long by 18 inches broad 7 Ans. 432. 

6. Find the area of a rectangle which is 3 feet wide and 15 feet 4 inches 
long 7 Ans. 46 square feet. 

7. A fire-grate is 5' 6" long and 3' i" wide. How many square feet are 
there in it 7 Ans. 16 '958. 

8. A boiler plate is 13' 6" long and 2' 11" wide. What will it weigh at 
35 lb3. per square foot 7 Ans. 1378*125 lbs. 

9. A rectangular tank is 10' long, 7' wide, and f high. What would be 
the cost of cementing the two sides and the top at ys. 6d. per square yard 7 
Ans. £S I5«. 

10. The base of a triangular plate is 2' 6" and the height is also 2' 6" 
What is the area in square feet and in square inches 7 Ans. 3-125 square 
feet, 450 square inches. 

11. Find the area of a trapezoid, the parallel sides being 5 and 4 feet 
respectively, and the perpen<&cular distance between them being 2 feet. 
AnM. 9 square feet. 
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LECTURE 11. 



Contents. — To Find the Area of a Four-sided Figure, one of whose Sides 
is a Curve — Simpson's Rule —To Find the Circumference of a Circle — 
The Superficial Area of a Cylinder — The Area of a Circle — The Cir- 
cumference of an Ellipse — The Superficial Area of an Elliptical 
Cylinder — The Area of an Ellipse ; with Examples. 

I. To Find the Area of a Four-sidQd Figure, one of whose 
Sides is a Curve. 




I • ■ I I I I 

ih ff'3 f^3 ^4 J^s Jpe hr ^n 



, L .i 



!"■ 



FIRST RULE. — Divide t/ie length, I, of the figure into, n, equal 
parts hy lines h^, Kj - - - /^n+i drawn at right angles to the hose line ; 
add together the first and tJie last {h^ + ^„+i) ; aill this sum, A ; add 
together all the intemiediate mies {h^ + h^ + h^, dx.), and call this 
suinj B, 

Then :— /A + 2B \L ^ ^^^ ^^ ^j^^ ^^^^^^ 

Where — is the interval, or pitch, or length of each of the parts 
n 

into which the figure is divided; for example, let the length 

L = 20 inches, and the number of equal parts, n,= 10, 

L 



Then the length of each part = 



20 



= 2 inches. 



This rule is simply an approximate method, based upon the fact 
that the whole figure is divided into a number of little .trapezoids. 
The curved part of each trapezoid, being short, is assumed to be a 
straight line ; then the sum of the areas of the several trapezoids 
will be equal to the area of the whole figure. 
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Area of ist trapezoid = -(A. + A,) x — 
2 n 

Area of 2nd trapezoid = — (A, + A,) x — 
2 11 

Area of last trapezoid = — (A« + K^^) x _ 
2 w 

.-. Area of whole figure = -(hi + 2h^ + 2A, + ... K+ 1) x - (the sum 
2 w 

= f^ + ??\L^f^-+.£.B\I^ as above. 

\2 2 Jn \ 2/71 

Of course, the greater the number of equal parts into which the 
length of the figure is divided, the nearer will the answer be to the 
true area of the figure. 

EXAMPLE I.— See the four-sided figure (p. 119) of Watt's 
" diagram of work," which is divided into ten equal parts. 

Ij 

Let the whole length of the figure, L, be 100 inches; then Z" ~ ^® 

inches as the interval between each division, and let the numbers 
representing the perpendiculars, or ordinates, be also reckoned in 
inches. 

Let A = the sum of the ist and last perpendiculars or ordinates, 

= 100+ 25 = 125. 
Let B = the sum of the intermediate ordinates, 
=:ioo+ioo+83-3+62-5+5o+4r6 + 3S7+3i'25 + 277- 533-23. 
/. 2B = 533*23 X 2 = io66'46« 

Then the whole area : — 

( 125+ io66'46 \ 100 

= 5957*3 square inches. 
Note, — The mean length of all the ordinates is evidently — 

\ 2 Jn 100 
which is very near the arithmetical mean worked out at p. 119. 
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MiBirstrBATioN — Simpson's btjle. ii 

SECOND RULE, caUed SIMPSON'S BJJLE.— Divide the 
length of thejigure into cm even number, n, of equal paHs, and drcm 
ordincUes ^roy^fh the points of division (as before) to toiuih the 
botmdcMry lines. Add together the first cmd the last ordincUes ; caU 
the sum, A ; add together the even ordinates, 2nd, 4th, 6th, die., and 
call the sum, B ; ctdd together the odd ordinates, 3rd, 5th, 7th, &c. 
(except the first and last), and call the sum, 0, and let L be length 
of the figure as before, viz., 100 inchea 

Then:— 

/ A + 4B + 20\ ^ I^ ^ area of the figure. 

This rule is based on the assumption that the curved part of 
the figure is either a straight line or a parabola, and, of course, it 
is only approxunate for figures bounded bj curves difiering from 
these forms * 

EXAMPLE II. — ^Applj Simpson's rule to the same figure as in 
Example I. 

Then, A = 100 + 25 = 125, as before, 
and B = 100 + 83-3 + 50 + 357 1 + 277 = 296*83. 

.•.4B — 296*83 X 4= 1187-32, 
and 0=100 + 62*5 + 41-6 + 31*25 = 235*42. 
/. 2O = 235*42 X 2 = 470*84. 
Then the whole area : — 



/A + 4B + 20 \L 

\ 3 /w 

/'125+ 1 187*32 + 470*84' 



)ioo 
1^ 



178^*16 . , 

= -^— ^ — X 10 =« 5944 square inches. 

3 

And the mean length of all the ordinates is evidently 

52zl = 59*44 inches, 
100 

which is a little less than by the former rule. This latter rule of 
Simpson's is, however, more correct than the former or easier rule; 
but if a sufficient number of ordinates be taken with the first rule, 
it produces a result near enough for most practical purposes. 

This problem of finding the area of a figure bounded on one side 
by a curve is of great importance to engineers. It is used, as we 
shall see afterwards, for finding the area of the indicator figure 
representing the work done in one stroke of an engine, as well sts the 

* See Todhunter's Mensuration for Beginners, p. no, for an elementary 
explanation of this rule. 
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LECTURE 11. 



diagrams of work done bj machineB generally. It is also used for 
finding the area of the immersed midship or other section of ships. 

A ** rough and ready" way of finding the area of any very irre- 
gular figure is, to plot the figure to scale on squared paper where 
the side of each square is ^^ or *i of a square inch, and to count 
the number of squares within the area of the figure ; then multiply 
by the scale to which the figure is drawn. 

Another and very accurate method is to run round the figure 
with an integrating machine, such as Amsler's or Boys' Integrator, 
which sums up automatically the area of the whole figure, however 
irregular, to any particular scale. 

2. To Find the Ciroumferenoe of « Circle fisomits Diameter 
or its Radius.* 

DEFINITIONS.— A CIRCLE is a plane figure bounded by one 

line, which is called the oircvmfer- 
ence ; and is such, that all straight 
lines dravm from a certain point 
imthin the figure to the circum- 
ference are equal to one another. 
This point is called the centre of 
the circle. 

A DIAMETER of a cirde is 
a straight line dra/wn through the 
centre, amd termincUed both ways 
by the droumference. 

A RADIUS of a cirde is a 
straight line drawn from the centre 
to the drcumference. A radius is 
therefore half of a diameter. 

RULES. — I. Multiply itie diameter by 22, and divide the pro- 
duct by 7. 

Or, 2. Multiply the diameter by 3y or by 3"i4i6. 
Note. — ^The Greek letter, it, is universally used to denote the ratio 
of the circumference of a circle to its diameter, {i.e., n = 3* 141 6 

22 \ 
or — ,) while the letter, d, is often used to denote the diameter, 

and, r, the radius. 

.*. The circumference of a circle = ird = awr. 

The last expression is the more easily remembered. 

Note. — To thoroughly understand the most exact method of finding the 
ratio of the circumference of a circle to its diameter requires a Imow- 
ledge of higher mathematics, but the approximate method graphically 

* For definitions and the mensuration of arcs, chords, segments, sectors, 
and zones of circles, see Todhunter's Mensuration for Beginners. 




ffi irf 



ioogle 



MENSURATION— SUPERFICIAL AREA OF CYLINDER. 



13 



represented by the figure is very easily understood, viz. : Divide the 
diameter into 10 equal partSy and, tmth one of these 2>ort8, divide off the cir- 
cumference, and it tviU be found that there are 31*4 of them, or 3 '14 times the 
diameter, 

EXAMPLE III. — (a) What is the circumference of a circle 
whose diameter is 10 inches? 

Circumference = TT x cZ = 3*1416 x 10" = 31*416 inches. 

{b) What is the circumference of a circle whose radius is 
10 inches? 

Circumference = 2irr = 2 x 3*1416 x 10" = 62*832 inches. 

(c) What is the diameter, and what is the radius, of a circle 
whose circumference is 9*4248 feet? 

Circumference = tt x d, 

:, 9*4248 feet = 3*1416 xd 

^., , ^ = d = 2 feet diameter. 
3 1416 ^_ 

But — = r = ^ =1*5 foot radius. 

2 2 '^ 

3. To Find the Superficial Area or the Envelope of a 
Solid or of a Hollow Bight Cylinder. 

DEFINITION.—^ CYLINDER i» either a solid or hollow 
figure, produced by turning a rectangle {of length, I, and breadth, r) 
rou/nd one of its sides {termed the axis), which remains fixed. 





RULE. — Since the surface of a cylinder is precisely the same as 
the area of an oblong or rectangular parallelogram, whose length, 
I, is the same as the length, I, of the cylinder, and breadth, b, cor- 
responds to the circumference, 27ir, of the cylinder, the rule for 
finding the superficial area of the envelope naturally is : — 

Multiply the drcumferevvce of the cylinder by its length (both 
sizes being, of course, in the same unit). 

Or, area = ir(^ X Z = 2irr X ^ ^.g. .^^^ ^^ Google 



14 LECTURE n. 

EXAMPLE lY. — ^The diameter of a steam engine cylinder is 
30 inches, and the total internal length (including depth of 
piston and clearance length) is 3 feet. What is the superficial 
area of the interior of the cylinder in square feet and in square 
inches? 

Area = ir^x^ 
„ =3-1416 X 2*5 feet X 3 feet 
tf = 23-562 square feet 
•• 99 » 23*562 X 144 square inches 
„ = 3392*93 square inches. 

EXAMPLE v.— In each of the boilers of the s.8. St. Rogn- 
void (see Lecture XXVI.), there are 324 tubes (249 ordinary 
tubes and 75 stay tubes), each tube being 3^ inches outside dia- 
meter, and 7 feet long. What is their total heating-surface in 
contact with the water in the boiler in square feet ? 

First find the superficial area of one tube. 

Area= wdx I 

= 3*1416 X 3*25 (inches) x 7 (feet) x 12 -: 144 
= 5-96* square feet. 

Note. — The student should always endeavour to adopt that method 
by which he will arrive at a correct answer in the shortest time. Con- 
sequently, if, instead of working out a whole string of figures as indicated 
above, he first finds the diameter of the tube in decimals of a foot, and 
then cancels the 7's, he will find the operation both quicker and less irk- 
some. Thus : — 

d — 3i inches — 3*25 inches — ^—^ — '271 foot| 



- 22 

and TT - —. 
7 



/. Area = y x -271 x 7 (feet) 



= 22 x -271 
= 11 X 2 X -271 
= II X -542 

-B 5*962 square feet (as before). 
.*, The surface area of the whole 324 tubes 

- 324 X 596 

— 1 93 1 square feet. 

4. To Find the Area of a Circle. 

RULES. — Multiply 7854 by the aqua/re of the diameter. 

Or, multiply 3*1416 or ^ by the spuxre of ih% raditia, 
7 
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Thus the area of a circle = '7^S4^ = ^* 

4 

22 

Or, = 3-i4i6r' = — r* = irr«. 

7 

The last of these expressions, viz., nr', is the easiest to remem- 
ber, and is the one which we shall most frequently adopt. 

EXAMPLE YI. — ^The diameter of a steam engine cylinder is 
I foot a inches. Find its area in square inches. 

Area = ^r* = --- x Jf x 7 

= 22 X 7 

= 154 square inches. 

KoU, — ^This example is specially chosen to show that it is quicker and 

22 

easier to adopt -- , and to cancel the 7's, than to take ir = 3*1416. 

The area of the cylinders of engines is always reckoned in square 
inches, because the pressure of the steam or gas admitted into 
them is recorded or indicated in lbs. per square inch. 

* For those who prefer the expression (7854^^ = area of a circle), we 
here draw attention to a very easy method of multiplying by 7854, as 
given in Reed's Engineer's Hand-Book. 

The diameter of a circle is 3*5 inches. Find the area. 

3-5 X 35 12-25x7854 
35 7. 

175 8575 

105 8575 = 1st line of multiplication repeated 

12-25 17150 = ist „ „ X 2 

y 5° = 3^**^ »» repeated 

9-621 150 = area in square inches. 

" The method of procedure is as follows : — The number expressing the 
square of the diameter is multiplied first by 7 by common multiplication. 
This line is put down a second time, but removed one place to the right 
instead of to the left as in ordinary multiplication. This line is now mul- 
tiplied by 2, and its result put down one place to the right, and again 
put down one place to the right. The sum of these products is the same 
as if we had multiplied by -7854 in the ordinary manner." 

"The process may be rendered clearer, if the reason for the 

7 method be explained. If we put down the number 7, then one 

7 place to the right put it down agidn ; then multiply it by 2, and 

'4 put product one place more to the right, then put thiis down again 

lA one place to the right, and add them all up, we clearly get the 

7854 number 7854 ; therefore if we multiply in this order we get the 
same result as if 7854 had been used in fulL" 
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EXAMPLE VII. — The cross area of a cylinder is 1963*5 square 
inches. What is its diameter in feet and inches ? 
Area = ttt^. 
1963*5 = 31416 X r^. 
,. L963:5 ^ ^ ^ 

3-1416 — i 

•*• \/625 = r = 25".*. ci = 50 inches 

or c^ = 4 feet 2 inchea 
Or, by using the fraction (^), and dividing the 22 and the 1963-5 
by 2, and then dividing numerator and denominator by 11, and 
multiplying by the 7, we get r^. 



Thus:— 



1963-5 = ^Y^. 
89-25 

!.0 



— = ,^= 624-75. 

J676 — — 

n 

:, v^624'75 = 25" .-. d = bO inches nearly (as before). 

2^ote, — It is often of importance in such questions to get the answer quickly 
and near enough to the truth without going through an elaborate series of 
multiplications and divisions by long numbers (such as multiplying or di- 
viding by 3*1416). We consequently recommend the above method of can- 
celling by easy stages. If the student should happen to have a logarithm 
book, and know how to use the tables, he will find that he can work such 
questions very easily and quickly ; but he must remember that logarithm 
books are not usually permitted in written examinations. 

EXAMPLE VIII.— Steam is admitted into the cylinder of a 
steam engine whose diameter is 2 feet 4 inches, at a pressure of 
50 lbs. per square inch. What is the total pressure on the piston, 
if the diameter of the piston-rod on the side upon which the steam 
is admitted be 3 inches ? 
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8ide View End View 

In this question, the first thing to be done is to find the nett 
area upon which the steam acts; in other words, we have to 
subtract the cross area of the piston-rod from the cross area of 
the cylinder. 
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MENSURATION CIRClTMFilRENQE OF AN ELLIPSE. 1 7 

i area of cylinder = jrri2 = ~ x 14 x 14 = 61575 sq. in. 

7 

Cross area of piston-rod = Trr^a = H x 1*5 x 1*5 = 707 „ 

__ 7 

-The nett area = nTj' - irr,« . • , , = 60868 „ 

/. 50 (lbs.) X 60868 (square inches) = 30,434 lbs. total pressure. 

5. To Find the Surface Area or Envelope of a Sphere. 

DEFINITION. — A sphere is a 'perfectly round body, every point 
on the surface of which is equidistant from tJie centre, 

RULE. — ^The surface of a sphere is equal to the concave surface 
of the circumscribing cylinder; consequently, 

Multiply the square of the diameter by ^- 1^16, or by — - 

Or, area = ttcT* = 47rr^, 

EXAMPLE IX. — ^A spherical cast-iron ball, 8 inches diameter, 
is used as a counter-weight to a reversing lever, and, in order to 
keep it bright and clean, it is desired to electro-plate it with nickel 
plating, which costs 5*. per square fbot. What will be the cost ? 

Surfaxje area of sphere = ttc^s = — x -6^ (ft.) = 1-38 square feet. 
.-. cost = 5(5.) X I -38 (square feet) = 6'gs. = 75. nearly. 

6. To Find the Circumference of an Ellipse. 

DEFINITION. — An ellipse is a plane curve formed by cutting 
a right circular cylinder by a plane inclined to tJie axis, which 
plane does not meet the base of the cylinder. 



Circumference 





Elliptical forms are frequently used by engineers for manhole 
doors, elliptical flues, <S^. 
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RULE. — Mtdtiply w or {$'1416) by half the mm of the two diet- 
meters ( * "*" M ; the product wiU he the circumference nearly. 

Or, circumference = wl-^ ?). 

The superficial area or envelope of an elliptical cylinder is 
therefore = n(-^ -) ^ h where I is the length of the axis of the 

cylinder. 

7. To Find the Area of an Ellipse : — 

RULE. — Multiply — or (7854) by the product of the two 
4 
diameterSf {d^ x (2,). 

Or, area = 5 (ci^ x d^). 
4 
EXAMPLE X. — ^What is the area in square feet of the elliptical 
manhole doors of the s.s. St, Eognvald, whose longer diameter is 
16 inches and shorter diameter is 12 inches) 

Area = ^(d, x d,) 
4 

m 7854(1-3 foot X I foot) 

•e 7854 X 1*3 s 1*0445 square feet* 
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^ Lbotubb II.— Questions. 



1. A faraace door is of this shape and size, ' j. "h | *' (2 feet long, i foot 

3' 
liigh at ends, and i foot 3 inches high in middle). Find its area in square 
feet. Ans. 2*25 sq. ft. 

2. Find the area in square inches, by Simpson's rule, of the diagram 
iUnstrated at p. 114. Ans. 1050 sq. ins. (taking pressures marked as 
inches). 

3. Referring to the diagram at p. 1 14, let the length of the fi^e be 
2 feet, and the varions ordinates, 65, 60, 46, ... 17, represent inches. 
Find the area of the figure in square feet. Ans. 7*25 sq. ft. 

4. A cylinder is 53" diamet^. Find the circumference. Ans, 166*5 
inches. 

5. What is the girth of a circular steam pipe whose diameter is loi" } 
Ans, 32*98 inches. 

6. The girth of a circular furnace tube, measured by a string, is found 
to be 3' 6". What is its radius 7 Ans. 6*69 inches. 

7. The inside diameter of a furnace tube is 3' i}', and the thickness of 
the metal is i". Find the outside circumferenoa Ans. 10 '08 feet, or 
Kyoi^^fuU. 

8. The funnel of a steamship is 5 feet diameter, and is made of three 
plates in girth ; the lap of each plate is 1} inch. Find the width of each 
plate. Ans. 5-38 feet. 

9. The outside diameter of the flange of a cylinder-cover is 6 feet ; the 
pitch between the bolt-holes is to be ^ inches. How many bolts will be 
required if the pitch-circle be 2} inches from the outside edge of the flange T 
Fk)t this out to scale. Ans, 33 bolts. 

fa What is the area of the rubbing surface in a cylinder, the diameter 
of the piston being 52 inches and the stroke 3 feet. Ans. 40*84 sq. ft. 

1 1. How many square feet of iron plate are there in a ship's circular 
funnel, 4' 6" diameter and 26 long 7 Ans. 367*5. 

12. The diameter of a cylinder is 25*5 inches. What is its area? 
Ana. 5107 square inches. 

13. The area of a cylinder is 2002*96 square inches. What is its radius ? 
Ans, 25^ inches. 

14. The cylindrical boilers of the s.s. St. Bognvald are each, say, 15 feet 
internal disuoaeter and 10' 3** long inside. Find the total pressure on the 
back end and on the barrel of the boiler with 90 lbs. pressure of steam 
per square inch. Ans, 2,290,226*4 lbs. on back end, 6,259,952 on barrel. 

15. The diameters of the high and low pressure cylinders of the s.s. St. 
MognvM (Lecture XX. ) are 36" and 70". The diameters of the piston-rods 
are 6^" below and 4}' above the pistons in each case. What is the effective 
area for the steam-pressure to act on, in each case 7 Ans. H.F. cyl. 984*68 
square inches below and 1001*97 above; L.P. cyL 3815*28 square inches 
below, and 383256 above. 

16. An elliptical manhole is i6|" longer diameter, and 12}* shorter 
diameter, "miat is the circumference and area of the whole in square feet ? 
The wrought-iron strengthening ring, which is flush all round with the 
manhole on the inside, is 4" broad. What is its outer circumference and 
its superficial area7 Ans. 0"= 3*73 ft, areas i '08 sq. ft Outer 0**= 5825 ft« 
supei^cial areas 1*6 sq. ft. 

2 
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LECTURE III. 

Contents.— Table of Weights and Measures— Table of Specific Gravities 
of Metals, Coals, Woods, &c. — Volumes of a Rectangular Solid or a 
Tank, Parallelopipcd, Prism, Cylinder, Cone, Frustrum, and a Sphere 
— Surface of a Cone and a Frustrum — Examples. 

Having explained and worked out a series of examples on Linear 
and Superficial or square measure in the two first lectures, we aie 
now prepared to defid with the capacities or volumes or contents of 
solids, and their weights. We, therefore, begin by giving a few 
of the most useful and common tables of weights and measures 
used by British mechanical engineers. 

A. — Table op Weights and Measures. 
I ton ae 20 cwt. = 2240 lbs. — 35*840 oz. 

( 1728 cubic inches 



I cubic foot s= j 0*037 = -ff cubic yard 

I 6'2355» or roughly, 6*25 gallons 

{277i cubic inches 
0*1 6 cubic foot 
4 quarts = 8 pints = 32 gills 

(I cubic foot weighs 625 lbs. » looo 01. ' 
I gallon „ 10 „ 

35 '84 cubic feet weigh i ton 

{I cubic foot weighs 64 lbs. 
I gallon „ lo^ „ 

35 cubic feet weigh i ton * = 2i8jt gallons 



B. — Table of Specific GBAviTiEs.t 

RULE I. — To find the weight of a Cubic Inch of any of ike 
mibstancea mentioned in this Table, midtiply its specific gravity by 
•036, the weight oj a cubic inch of fresh water, 

RULE 2. — To find the weight of a Cubic Foot of omy of the 

* This number is used for finding the displacement of a vessel in sea- 
water or the weight of sea-water ballast. 

t Specific gravity is the ratio of the weight of a given bulk of a given 
substance to the weight of the same bulk of pure water, at a standard 
temperature (62* Fahr. in Great Britain). The above table of specific 
gravities ^ves only rough averages, and, therefore, must not be adopted 
for soientific or very exact caloulations. 
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substances mentioned in this Table, multiply its specific gravity by 
62*5, the weight of a cubic Joot 0/ fresh water — the specific gravity 
of water being taken as = i. 



Metals. 


Coal. 




Name. Sp. Gravity. 


Name. 


Sp. Gravity 


Cast iron . . . .7*1 


Scotch . 


. 126 


Wrought iron . - 77 


Welsh . 


• i'3 


Steel, mild . 7-7 to 7*8 


Newcastle 


. 1-25 


„ hard . . . 7-85 


Lancashire 


. 127 


Copper, cast . .8-6 






,, hard wire or sheet . 8*8 


Woods, etc. 




Brass, cast hard . . 84 


Yellow pine . 


. 066 


Lead 11-4 


Mahogany, Spanish 


. 085 


Mercury .... 13-58 


Oak . . ; 


7 to I -o 


Steam at atmo. -pressure 


. •000608 




Oil (whale) . 


. -92 





EXAMPLE I. — Find the weight of a cubic inch and of a cubic 
foot of cast iron. 

The specific gravity of cast iron = 7-1. 

/. the weight of a cubic inch = '036 x 7*1 = '2556 lb., roughly \\\\, 

and the weight of a cubic foot = 62-5 x 7*1 = 443*75 lbs. 

Note. — Students should work out the weights of a cubic inch and of a 
cubic foot for each of the above substances; and try to remember in round 
numbers their values. Thus, e.g., there can be no difficulty in remembering 
that a cubic inch of cast iron weighs about \ lb., and a cubic foot about 
444 lbs. 

I. To Find the Volume of a Beotangular Solid or Paral- 
lelopiped. 

DEFINITIONS. — A paraUelopiped is a solid bounded by six 
parallelograms, of which every opposite two are equal and in 
parallel planes. It is termed rectangular when the six bounding 
parallelograms are rectangular, and oblique when they are not, A 
common brick is a good example of a rectangular solid. 

A Cube is a rectangular solid bounded by six equal squares. 

A Prism is a solid bounded by 
plane rectilineal figures, of which 
two are equal and in parallel planes, 
and the rest are paralleLograras, 

RULE. — Multiply the length, I, 
by the breadth, b, and by the 
height, h. 

EXAMPLE II.— A tank for ship 
use is 4 feet long and 4 feet broad. 
What quantity of fresh water in gallons and in lbs, will it coptaio 
for every foot of height or depth ? 
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The capacity » 2 x 6 x <2 
— 4' X 4* X i' 
= 16 cubic feet. 

Referring to the Table at the beginning of this lecture, we find 
that there are 62*5 lbs. of freflh water to the cubic foot, or 6*25 
gallons: 

.'. 16 X 6*25 a 100 gallons s 1000 lbs. 

EXAMPLE III.— An oil-tank measures 2' 6" by i' 6" by 2' o". 
How many gallons and pounds of oil will it hold f 

The capacity = I x b x d 

= 2'S' X I'S' X 2' 

s 7*5 cubic feet. 
But every cubic foot contains 6*25 gallons : 

.*. 7*5 (cubic feet) x 6*25 (gallons) = 46*875 gallons. 
And since the specific gravity of oil {see Table) is '92, we have 
by proportion — 

I (sp. gr. water) : '92 (sp. gr. oil) :: 62*5 (lbs.) : x 
I (cubic foot) : 7*5 (cubic feet) 
... a? = '9g ^ 62-5 X 7 5 

I X I 

s= 431*25 lbs. of oil. 

EXAMPLE IV. — A bar of wrought iron of rectangular section 
is 4' long by 4" broad by 3" deep. Find its weight. 

The volume = I x b x d 

= 48* X 4" X 3* 
= 576 cubic inches. 

Referring to the Table, we see that the specific gravity of 
wrought iron is 7*7, and that a cubic inch of water weighs 
•036 lbs. 

/. I (sp. gr. water) : 77 (sp. gr. iron) :: '036 (lbs.) : x 

I (cubic inch) : 576 (cubic inches) 
... X = 77 X '036 X 576 ^ ,^ ^^ jg^ j^^ 

I X I ^ '' 

2. To Find the Volume of any Parallelopiped, Priam, or 

Cylinder. 

RULE. — Multiply the area of the base by the length, I, or height, h, 
EXAMPLE V. — ^The cylinder of a steam engine is s^" diameter, 

and the stroke of the piston is 4'; what is the displacement or 

volume of steam in cubic feet in the cylinder at end of stroke ? 

Also, what is the weight of this steam if i cubic foot of steam at 

atmospheric pressure weighs '038 lb. t 
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Yolume = area of cylinder x length of stroke. 

= 3-1416 X 1-5' X 1*5' X 4' 

= 28-2744 cubic feet. 



fr 



Or = id» X f 
4 

= •78S4X3'>^3'^V 
= 28*2744 cubic feet. 

;. I (cubic foot) : 28*27 (cubic feet) :: -038 (lb.) : iclb. 
X = ^^'^7 X -03^ ^ 1-074 lb. of steam. 

EXAMPLE VI. — What is the weight of the brass liner of an 
air-pump, the diameter of the bucket being 23 inches, the length 
of liner 17 inches, and its thickness J inch? 

First: Find the area of a flat ring 23 inches internal diameter 
and -5 inch broad, or 24 inches external diameter. 
Let d^ = the larger diameter, and d^ = the smaller one. 

Then ~{d^ - d^) = area of ring 

= •7854(24^-23') 
= 36*9 square inches. 

Second : Find the volume of this brass tube in cubic inches. 
Volume = area of ring x length 

= 36-9 (square inches) x 17" 
= 627-3 cubic inches. 

Third : Find the weight, by referring to the table of specific 
gravities at the beginning of this lecture (where we see that brass 
is 84), and by proportion. Thus — 

I ^sp. gr. of water) : 8-4 (sp. gr. of brass) :: -036 (lb.) : x lbs. 
I (cubic inch) : 627-3 (cubic inches) 

. ^ ^ 8-4 X -036x627-3 

I X I 

= 190 lbs. (nearly). 

EXAMPLE VII. — A plain, solid tunnel-shaft for a steam-ship 
is of the dimensions shown by the following sketch, and is made 



of mild steel. Find its volume and its weight, neglecting fillets 
and bolt-holes. 
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First : Find volume of shank. This consists of a solid c}iinder, 
20 feet long and i foot in diameter. 



Volume = irT^l 

= 3*i4i6x 'S^x 20' 

= 157 cubic feet. 



Or = ^m 
4 
-= 7854 X i'* X 20' 
= 157 cubic feet. 



Second : Find the volume of one flange, and multiply this hj 2, 
since there are two flanges (one at each end) : and then add this 
volume to that of the shank. 

Volume of flange = wr^l 

= 31416X i''x'2S 
= 7854 cubic feet. 

.*. volume of 2 flanges «= 7854 x 2 = 1*5708 cubic feet. 

Volume of shank = 157 cubic feet 

„ 2 flanges- 1-57 „ 

Total volume = 17*27 „ 

Third : Refer to the table of specific gravities for the specific 
gravity of li^d steel, and We find it to be 7*8; cttttdequently, by 
proportion — 

I (sp. gr. water) : 7-8 (sp.gr. steel) :: 62*5 (lbs.) : x lbs. 
I (cubic foot) : 17*27 (cubic feet) 



7-8 X 62-5 X 17-27 = 84,0 lbs. (nearly) 



X- 

I x I 

= 3 tons 15 cwt. 20 lbs. 

In our last Lecture we did not refer to the surface area of a 
cone, or the frustrum of a cohe. We shall now state how to find 
them, as well as^heir volumes, but without giving any arithmetical 
examples, as these ^gures do not frequently occur in the forms 
of parts in steam*eifgifies. If esatnples should be desired, they can 
easily be given by the teacher, or found by students themselves. 
Probably the time will be fully occupied working out a few of 
the more useful examples at the end of this aHid Hhe prebeding 
Lectures. 
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3. To Find th^ Ai^a of thfe Curved Surface of a Bight 
Circular Cone. 

DEFINITION. — A cone is a solid, produced by turning a 
right-angled triangle round one of the sides which contain the right 
angle, this side remaining as the fixed aads, 

RULE. — Mtdtiply the circumference of the base (2irr) by the 
slant height of the cone («), and take half the product. 

Or, surface area = = wr*. 

2 

The curved surface of a right circular cone is the same as the 
area of a sector of a circle with radius equal to the slant side, s, 

:. 360" : degrees between radii of sector :: area of circle : areaof sector. 





4. To Find the Area of the Curved Surface of a Frus- 
trum of a Bight Circular Cone. 

DEFINITION. — A frustrum of a cone is the lower portion of 
the cone which is left after removing the top piece. 

RULE. — Multiply the sum of the circumferences oj the two 
ends of the frustrum 27r(rj + r^ by the slant height of the frus- 
truMy s, and take lialf the proditct. 



Or, surface area = 



27^{r^ + r^)s 



= ir(r^ -»- r,)«. 



5. To Find the Volume of a Pyramid or of a Cone. 
RULE. — Mvltiply the area oJ the base by the height, and divide 
the product by 3. 



Formula for volume of a right cone = • 

o 
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6. To Find the Volume of a Fnutrom of a Pyramid or of 
a Cone. 

EXILE. — To the a/reas of the two end$ add the fquare root of their 
prodtict; multiply the sv/m by the height of thefrustrum^ and divide 
the product by 3. 

Volume of f rostrum of right cone = L"" W + O + >/«< V + O J - • 

o 

Or, if we know the height, Aj, of the complete cone, as well as 
the height, h^ of the top cone cut away, then the difference 
between the volume of the complete cone and that of the smaller 
part cut away leaves the volume of the frustrum. 

Thus :— 

Volume of frustrum = ?^ - !^^ 
3 3 

7. To Find the Volume of a Sphere. 

RULE — Take ^ of the area of the circumscribing eirde^ and 
multiply this by the radius. 

Or, volume = -Iwr^ x r = lut*. 
3 3 
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For tbe purpose of bavins a combined ready reference to tbe different 
formuln for tbe variotui rules t^ven in tbe preceding lectures, we now 
arrange tbem in tbe form of tables, adopting tbe same notation tbrougb- 
out 



I for Lengtb 
b „ Breadth 
h „ Height 
• „ Side 
n „ No. of parts 
r „ Radius 



NOTATION USED. 

d for Diameter 
fr „ 3i4i6ory 

- M 7854 

± „ Perpendicular 



LENGTHS. 
Circumference of a Circle = wd = 2wr 



of an mUpse - ir(-'^*) 



SURFACE AREAS. 

A Square =2> 

An Oblong =1 x h 

A Parallelogram . . ' . , = Z x ±,h 

A Triangle .... ssJxX,- 



Ih 



A Trapezoid =(H^) 

A Trapezium = l(hi±hi\ 

A Rectilineal Sum of parts 

A 4-8ided Figure, one side curved . = (^-^-\^ 

Simpson's Rule .... ^ M+4B + 2C \L 

A Cylinder = 27rrl 

A Cone and a Sector . . . = nra 

A Frustrum do = 'jr(r + r^)a 

A Circle == ^2* "^ 

A Sphere = ^^rf^ 

An Ellipse = -(d^+d;) 

4 



VOLUMES. 
A Rectangular Solid = 1 xh x h 
A Cylinder . . = nr^h 
Any Prism . . = Area base x h 



Cone ... - '^'••* 



3 
Pyramid . . ^ Area base x A 

3 
Sphere . , =l-irr» 

rrastmm . . , Are* of ends+ yArea of ends ^ ^ 
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Lbotubb III.~QuB8noirs. 

1. Find the weiffhts of a cubic inch and of a cnbio foot of (i) cast iron ; 
(2) wrought iron ; (3) steel, mild ; (4) steel, tempered. Ans. (i) '255 ; 44375 ; 
(2) -277 ; 481-25 ; (3) -277 ; 481*25 ; (4) -28 ; 490-6 Iba 

2. Find the weight of a cnbio inch and of a cubic foot of (i) copper, cast ; 
(2) copper, hard wire ; (3) brass, cast ; (4) lead ; (5) mercury. Arts, (i) '3 ; 
5375; (2) -31; Sjo; (3) -3; 525; (4) -41; 712-5; (5) -49; 84875 lbs. 

3. Find the weight of a cubic foot ; also how many cubic feet make up a 
ton weight in the case of (i) Scotch, (2) Welsh, (3) Newcastle, (4) Lanca- 
shire coals. Am. (i) 79 ; 28*4 ; (2) 81 ; 27-5 ; (3) 78 ; 288 ; (4) 79.5 ; 282. 

4. Find the weight of a cubic foot of steam at atmospheric pressure from 
the Specific Gravity Table. Ans. '038 lb. 

5. How many cubic inches and cubic feet are there in a rectangular box 
which is 2 feet lone, 18 inches wide, and i foot deep! Am, 5184 cubic 
inches ; or 3 cubic feet. 

6. What is the capacity of a rectangular tank 3' deep, 15' long, 27" wide t 
Am, 101-25 cubic feet. 

7. A tank 4 feet square in horizontal section is sounded by a rod, and 
there is found to be a depth of 3' 3' of water in it. How many pounds and 
gallons of fresh water are there in the tank T Am, 3250 lbs. ; 325 gallons. 

8. You are supplied with 100 gallons of oil. What will be its weight, and 
its bulk in cubic feet 7 Am. 920 lbs. ; 16 cubic feet. 

9. A wrought-iron cap for the cover of a marine crank-shaft bearing is 
16" by 1 2^" by 3i". Find its weight. Am, 194 lbs. 

10. What weij^t of coal in tons will a bunker hold which is 18' by 5' 6" 
by I2'» allowing 45 cubic feet to the ton for coals stored in this way ? Am. 
26*4 tons. 

11. How nufny cubic feet of steam will be required per minute for a 
steam-engine cylinder 60" diameter; steam being cut off at i' of stroke 
when the engine is making 90 strokes per minute ? Am. 1767. 

12. In the last question, suppose the engine develops 60 horse-power 
with steam supplied at 50 lbs. pressure, which weighs *I2 lb. per cubic 
foot. What weight of steam would be required per hour per horse-power ? 
Am, 212 lbs. 

13. Find how many cubic feet of steam will exhaust from a steam-engine 
cylinder per hour, and also the weight of this steam at atmospheric jpres. 
sure (see Sp. Gr. Table), if the diameter of the cylinder be 60", stroke feet 
when the engine makes 90 strokes per minute. Am, 636,174 and 24,175. 

14. Find the weight of a wrought-iron shaft of the dimensions and shape 
given in Example VII. of this lecture. Am. 3 tons 14 cwt. 24 lbs. 

15. Find the weight of a circular plate of wrought iron 3 feet in diameter 
and I* ^ thick. Am, 194*5 lbs. 

16. A feed-pump is 4" diameter and 14' stroke, but it is only f full each 
stroke. Find the number of gallons and weight of water which it pumps 
into a boiler when making 72 strokes per minute. Am, 34*36 gallons per 
minute ; or, 343*6 lbs. 

17. Find the weight of the brass liner to an air-pump which is 24* 
internal diameter, 24" long, and f thick. Am, 351*2 lbs. 

18. Find the weight of the rim of a cast-iron fly-wheel of rectangular 
paralldogram section outside diameter 6', inside diameter 4' 6", breadth 9". 
.^n«. 4116*6 lbs. 

19. Find the total weight of the crank-shaft of the b.s. Olty of Borne, 
There are three cranks of the shape and dimensions ipiveii in the following 
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ii^re, and they are made of Whitworth's compressed steel, the specific 
gravity of which may be reckoned at 78. Sketch each separate part in 
your exercise-book before your calculation of the volume thereof, and sum 
up the whole in a neat table. Am. Weight reported by owners to be 63 
tons, weight by careful calculation, from this figure 62i tons. 



:-/*= >^ -2S-- A-/^' 







" - - ■-/J/T * 

One Cbank of s.s. " City op Rome.' 

20. Find the weight of a spherical cast-iron ball (used as a safety-valve 
balance weight) which is 10" inches in diameter. Ans. 131 '4 lbs. 
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LECTURE IV. 

Contents. — Temperature — ^Thermometers — ^Pyrometers. 

It is necessary, at the very outset of this section of our subject, to 
clearly understand what is meant by the different expressions : 

1. The temperature of a body. 

2. The qucmtity of heat in a body, and the vmit ofhecU, 

3. The ccbpojcity for heat, and the specific heat of a body. 
Temperature. — The temperature of a body is its thermal state 

considered with reference to its power of cornmwmica^tvng heat to other 
bodies (Maxwell). 

Two bodies are said to be at the samie temperature if, when 
placed in thermal communication, there is no tendency to the 
transfer of heat between them; if, however, one of them loses 
heat, and the other gains heat, that body which gives out heat is 
said to have a higher temperature than that which receives heat. 

Temperature, therefore, indicates the quality or condition of 
the heat in bodies, and is capable of greater or less intensity 
according to circumstances. It is measured by Thermometers 
and Pyrometers. 

Thermometry. — ^Thermometry is the method of ascertaining 
temperatures, or the intensities of heat. The action of ther- 
mometers is based on the change of volume to which bodies are 
subject with a change of temperature. Air, water, spirit, and 
mercurial thermometers are severally used under different circum- 
stances, but the mercurial thermometer is the one most commonly 
employed by engineers. The mercurial thermometer consists of 
a stem or tube of glass, formed at one end into a bulb, to contain 
the mercury which expands into the tube (see left-hand figure). 
If the stem be of uniform bore, the expansion of the mercury 
being practically equal for equal increments of temperature, it 
follows that, if the scale be uniformly graduated, the divisions 
will indicate equal increments of temperature. 

It was early ascertained that the freezing and the boiling points 
of water at the normal pressure of the atmosphere (viz., 147 lbs. 
on the square inch) were constant temperatures, and advantage 
is taken of this physical property in order to graduate thermo- 
meters. The interval between these two fixed temperatures is 
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in the case of the Fahrenheit thermometer (the one commonly 
used by English engineers) divided into 180 equal parts, termed 
degrees ; in the case of the Centigrade, or standard French ther- 
mometer, into 100 equal parts; and in the Reaumur, or the 
thermometer used in Germany, Russia, <fec., into 80 parts. The 
Centigrade thermometer is now used as the standard thermometer 
by all the best physicists, and students should familiarize them- 
selves with readings taken by it, as well as with constants and 
tables to that scale. The comparative scales (see central figure) 
will render the corresponding points and divisions on the three 
kinds of thermometers clear to the student. 



^ 



Soiling point 1 00 



Freezing point ^ 




For comparative tables of Fahrenheit, Centigrade, and Reaumur 
thermometers, see the author's advanced text-book on ISteam and 
fSteam Engines. 
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Fig. ] 



Engineers' Thermometers. 

The following three figures illustrate the construction of a 
thermometer with its protecting case, as adopted by engineers for 
Fio. 2. ^ding the temperature of steam in an engine- 
cylinder, or the condensing water and condensed 
steam in a condenser, &c. 

Fig. I shows the glass tube and scale ; Fig. 2 
the glass tube, surrounded by its protecting 
case, which is screwed into the position where 
the temperature has to be ascertained. Fig. 3 
shows the application of an iron bath, b, which 
is filled with mercury, and fixed by a hexagon 
nut, D, to the upper or projecting part. The iron 
bath, B, is represented partly in section, show- 
ing the mercury bulb, c. The mercury in the 
bath quickly arrives at the same temperature 
as the water or the steam siurounding it, and 
slight variations in temperature are easily de- 
tected. A small quantity of chemical liquid, 
called "valvoline," placed on the top of the 
mercury in the iron bath, is useful for protect- 
ing the brass at E from the action of the 
mercury. 

It is certainly a great 
inconvenience to have to 
convert readings taken 
in one scale to that of 
another, but students 
should thoroughly mas- 
ter the simple proportion 
that exists between the 
different scales, so as to 
be independent of con- 
vei-sion tables. 

Since the temperature 
of freezing water, or 
melting ice, is marked 
on the different scales as 
follows — 



Fig. 3. 




SchafEer and Budenberg's Thermometers, 
for taking the Temperature of Steam, 
Water, and Fuel Economizers, &:c. 
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Fah. Cent. Bean. 

32* o'* o" 

and the boiling point of water — 

Fah. Cent. R6aiL 

212* 100° 8o' 

we obtain the proportion that exists between the scales by sub- 
tracting the freezing from the boiling points, thus — 
% Fah, Cent. Bean. 

i8o* loo* 80** 

Now, to convert a reading observed on the one scale to its cor- 
responding value on either of the others — 

Let F = Temperature Fahrenheit 
C = „ Centigrade 

R = „ K^umur. 

Then we observe that we must mbtrdct 32* from the Fah. scale 
before applying the above proportion in converting it to the Cent, 
or to the R^au., but add 32, after applying the above proportion, 
in converting either the Cent, or the Beau, into the Fah. scale, 
as follows : — 

(F- 32) : C : R :: 180 : 100 : 80 
or as 9 : 5 : 4 

:. Degrees C = ^ "^"^^^ ^ 

(F-32) 4 
If R= - 

» F =— + 32 

Rxo 

„ F=^-f32 

EXAMPLES.— Suppose the temperature of the feed- water for 
a boiler is 102'' Fah., find the corresponding temperature on the 
Cent, and Riau. scales : 

By proportion — 9:5 :: (F - 32) : C 
. J_jz^ J-02-^s2) 5 ^7o^^3go^.^3..3^^^^ 



Again— 9 : 4 - (F - 32) : R 

280 

dbyGoogk 



^ JF-_33L4_(xo£_:l3£L4^ »Jo^ ^^,^ ^^ 
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Suppose the temperature of the hot well is 80* Cent., what is 
this on the Fah. and R^u. scales 1 

By proportion — 5 : 9 :: : (F - 32) 

C X 80 X o 

» ^ + 32 » 144 + 32 = 176 Fah. 
Again — 5 : 4 :: : B 

Note.—'We shall treat of the " absolnte zero " of the thermometrio scale 
when we come to pressure and volume of gases. 

Pyrometers are usually employed to measure temperatures 
above the boiling-point of mercury (about 676' Fah.); for 
example, the temperature of a furnace, or the waste gases in a 
chimney. 

Pyromebric estimations are of four classes : — 

First. Those of which the indications are based upen the change 
of the dimensions of a particular body, solid or gaseous — the pyro- 
meter proper. 

Second. Those based on the quantity of heat imparted to a 
known weight of water, by immersing in the water a body of 
known weight, that has previously been raised to the temperature 
which it is required to determine. 

Third. Those which are based on the melting points of metals 
and metallic alloys. 

Fourth. Those which are based on the well-known fact that the 
pressure of saturated steam (that is to say, of steam remaining in 
direct communication with the liquid from which it is generated) 
corresponds to the temperature of the liquid and the steam. We 
shall describe this form in Lecture XI., when we come to discuss 
Regnault's tables and pressure-gauges. 

I. Wedgewood' 8 pyrometer, invented in 1782, belongs to the first 
daas. It is founded on the property possessed by clay, of contract^ 
ing at high temperatures. He made a tapered groove of metal, so 
arranged, that the clay, when rolled or pressed into the form of a 
small cylinder, just fitted, or entered the groove, if raised to a 
dull red heat, but, as its temperature was increased, it shrank and 
could be slipped further along the tapered groove. He divided 
the tapered groove into degrees Fah. Unfortunately, it has been 
found that the contraction of the clay is not exactly proportional 
to the increase of temperature, and consequently the use of 
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this form of pyrometer is confined to rough and ready experi- 
ments. 

D(midl*9 pyrometer depends on the expansion of a metal bar 
enclosed in a black-lead case. This case is drilled out 7*5 inches 
deep to a diameter say of *3 inch. A rod of platinum, or of soft 
iron, a little less than the bore, and about an inch shorter, is 
inserted into the black-lead case, and surmounted by a porcelain 
index. When the whole instrument is placed in a furnace, the 
greater expansion of the metal as compared with that of the 
black-lead, presses forward the index, which remains at the 
' furthest position, so that, when removed, it registers the highest 
temperature to which it was subjected. Pyrometers constructed 
on this principle are not very accurate. 

2. Wilson's water pyrometer is one of the best known instruments 
for the second means of estimating higher temperatures. The in- 
ventor places in the fire or heated chamber, a known weight of 
platinum, in the form of a thin cylinder, until it has assumed the 
temperatm*e thereof. He then takes it out, and plunges it quickly 
into a vessel containing water exactly twice the weight of the 
platinum, and observes the rise in temperature of the water ; when 
the temperature of the chamber or ^e is found by the following 
simple rule: — " Mvltiply the rise in temperature of the water by 
a constaffit, 62, and add the fatal tempera/ture of the water" The 
way in which this rule is found will be fully explained in our next 
lecture, when we come to treat of specific heat. In Siemens' 
water pyrometer, copper cylinders are used instead oi platinum ; 
the principle and method of using it are as follows : — 

Siemens* Water Pyrometer, — This pyrometer, which is shown 
in the following i^etch in vertical and horizontal sections, 
consists of two cylindrical copper vessels having an air space, a, 
between them. The inner vessel is constructed (with a view to 
prevent radiation), of a double casing of copper with an interme- 
diate packing of felt, and is of sufficient size to hold rather more 
than a pint of water. 

A mercurial thermometer, 5, is fixed against one side of the 
inner vessel and protected by a prorated tube. The upper half 
of the thermometer projects above the oo|>per vessel a«td is gradu- 
ated in the ordinary degrees, Fahrenheit or Centigrade, while by 
the side of it is a small brass sliding scale, c, graduated and figured 
with degrees of the same denomination as the thermometer. 

Cylinders, d, of copper, kon, or platinutt, axe provided with 
each pyrometer, their size being accurately adjusted so that the 
capacity for absorbing heat between o^ and 100* C. is equal to 
one-fiftieth of that of the vessel and pint of water which it con- 
tains; as, however, this capacity (specific heat) increases with the 
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temperature, the divisions on the sliding scale expand with rise 
in temperature and in a different ratio for the three metals 

specified, thus necessitating a special 
sliding scale for each metal of which 
the cylinders are composed. 

Instrtuitiona. — The temperature 
of a furnace, &c., is ascertained in 
the following manner : — 

A pint (0*568 litre or 34*66 cubic 
inches) of clean water is placed in 
the pyrometer vessel, and, after this 
has stood for a few minutes, the 
zero point of the sliding scale is 
set at the temperature indicated by 
the thermometer. 

One of the metal cylinders, d, is 
then exposed from two to ten 
minutes to the heat to be measured, 
and allowed to remain in it until it 
has acquired its temperature. It 
is then quickly withdrawn and 
dropped into the water, the tem- 
perature of which rises gradually 
until a maximum is reached. This 
rise of temperature, as indicated by 
tlie sliding scale, added to the tem- 
perature of the water at the end of the 
experiment, gives that of the furaace. 

The range of the pyrometer with 
copper and iron cylinders extends 
to 1000" C. or 1800** F., but with 
platinum cylinders to 1500" C. or 
2700'' F. 

Cylinders of copper are found to 
be most suitable for general use in 
ascertaining the temperature of or- 
dinary furnaces, while for very high 
temperatures those of platinum are 
alone available. Wrought-iron cy- 
linders are sometimes employed, as 
they offer an advantage over those 
of copper in having a higher melt- 
SiBMBNS' Watbb Pybometeb. i^g poiut, and being less liable to 
a. Air Space. c, Sliding Scale. alteration in Weight through loss 

I, Thermometer. d, MetaJ Cylinder, by incrustation when plunged at 
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a high temperature into water. This advantage may, however, 
be considered as counterbalanced by the fact that copper is much 
less affected by the corrosive action of the gaseous products of 
combustion. For the reasons just given, platinum cylinders offer 
still further advantages. 

3. The third method of estimating high temperatures, viz., that 
based on the melting-points of metalis or metalUc alloys, is applied 
by simply suspending in the heated chamber or furnace a small 
piece of metal, the melting point of which is known, and, if 
necessary, two or more pieces of different melting-points, so as to 
ascertain the temperature within certain limits, according to the 
pieces which are melted and those which remain unmolted. This 
is the rough and ready method most frequently adopted by workmen 
In iron, steel, and other smelting worka. 
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Lkotuek IV.— Questions. 

1. Define the temperature of a body. What two natural phenomena 
have been employed to determine two points of reference in the scale of 
thermometers 7 And why 7 

2. State what is meant by " temperature." Describe how ordinary tem- 
peratures are measured. How many scales of temperature are there in 
common use in Europe 7 A thermometer registers 400° on the Fah. ; find 
what it would indicate on a Cent. one. Ans. 204" -4 0. 

3. Compare the Fah., Cent., and R^u. scales. A Cent, thermometer 
indicates 1$"* ; show by proportion (in full) how you find what are the 
corresponding readings in the Fah. and Beau, scales. Ans. 59** F. ; 12** R. 

4. Zinc boils at 1204° F., mercury at 676" F. ; change these readings to 
Cent, (show your work in full). Ans, 651'* C, and 358" C. 

5. Sketch and describe concisely the construction and action of Siemens' 
water pyrometer. 

6. State the principles upon which four distinct classes of pyrometers 
are based. 
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LECTURE V. 

CoHTBNTS.— Effects of Heat— Unit of Heat—Quantity of Heat— Capacity 
for Heat — Specific Heat — Table of Specific Heats of Substances. 

Effects of Heat. — When heat is applied to a body it produces 
various effects. For example, in most instances it raises the tem- 
perature of the body, it generally alters its volume or its pressure, 
and in certain cases it changes the state of the body from solid to 
liquid, or liquid to gaseous. 

Unit of Heat. — The standard unit now adopted in this country 
is called The British Thermal Unit, and is the quantity of heat re- 
quired to raise i lb. of water by i^ Fah,^ when at its maximv/m 
density, i.e.,/rom 39* 'i to 40° 'i Fah, 

Qxiantity of Heat. — ^To be able to compare different quantities 
of heat, we must first fix on a standard or unit of heat. This is 
done by selecting a standard body, and noting the effects of heat 
upon it. For example, we might take a pound or other known 
weight of ice at its freezing or melting point, 32* F. or o* C, 
and apply heat to it, until it all melts into water at the same tem- 
perature. This would give a definite standard, by which to 
compare other quantities of heat applied in the same way. Or^ 
we might take a known weight of water at its boiling point, and 
apply heat to it until it all becomes converted into steam at the 
same temperature as the boiling water. This method is used in 
determining the quantity of heat obtained from different kinds of 
coal. We often find it stated, in connection with trials of steam 
boilers, that so many pounds of water were converted into steam 
at a certain pressure per pound of coal of a certain quality. 

Capacity for Heat. — The capacity for heat of a body {or its 
thermal capacity) is the nwmher of wrdts of heat required to radse 
that body one degree in temperatu/re. 

Speoiflc Heat. — The specific heat 0/ a body is the ratio of the 
quantity of heat required to raise that body one degree, to the qtmntity 
required to raise a/n equal weight of water one degree in temperoitwre. 

To illustrate the above, take the case of lead. Weigh out i lb. 
of sheet lead« roll it into an open spiral, and attach it to a string. 
Now, dip the lead into a pot of freely boiling water until it has 
attained the temperature of the water. While this is going on 
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weigh out a pound of cold water, and ascertain its temperature 
with a thermometer ; say it is 47° F. Then lift the lead from the 
boiling water, and, while holding it by the string in the steam 

rising from the water, allow all water 
to drop from it, and immerse it 
quickly in the cold water vessel, 
keeping it moving by means of the 
string, so as to bring it intimately 
into contact with every portion of 
the water, as shown in the annexed 
figure, where, L, is the lead, and, 
T, the thermometer. Observe the 
gradual rise in temperature of the 
water due to the heat passing from 
the lead, note the point at which it 
ceases to rise, and suppose that to 
be 52° F. We have thus ascertained 
data, from which we may calculate 
the relative capacities for heat of lead and water, if none of the 
heat from the lead was given to any other body than to the 
water. 

Thus— The diminution in temperature of the lead from 2 12'' to 
52""= 160°; the increase in temperature of the water from 47° to 

52° = 5^ 
Now, since — 

The L088 of Eeat from the one substance 
by the other. 

:, The heat from i lb. of lead falling 160° = the heat im- 
parted to I lb. of water raised 5°; 

. The units of heat in i lb. of lead _ 5 _ i 
The units of heat in i lb. of water 160 32 

In other words, the capacity for heat of lead is only ^2 part 
that of water, or the same quantity of heat would raise i lb. of 
lead through 32 times as many degrees as it would i lb. of water. 

We may now apply the knowledge we have gained in this lecture 
to prove the rule for using Wilson's pyrometer, as given in our 
last lecture. Observe, Wilson plunges a known weight of platinum 
(for the sake of illustration, assume it to be i lb.) at an unknovm 
temperature, ^,°, into double its weight of water (say 2 lbs.), and 
notes the rise in temperature, t^ to t^, from which he calculates 
the original temperature, t^^ of the platinum, and, therefore, of 
the furnace from which it had been taken. Thus — 



£he Gain of Heat 
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The Loss of Heal from the Platinum = the Gain of Heat hy the 
Water. 

Now, it can be shown (see " Advanced Text-Book," p. 36) that 
the loss of heat from, or the gain of heat by, any substance is 
equal to the mass of the substance x its specific heat x its fall 
or rise in temperature. (See Table below for Specific Heats.) 

.-. The loss of heat from i lb. of platinum =1 x -0324 x («°j - 1^^ 
and the gain of heat by 2 lbs. of water = 2 x i x (<,° — <,°), and 
these are equal by the above principle. 

.-. I X -0324 X («j-«,°) = 2 XIX (<,°-«,'') 

o ^ o _ ^ (^8 ~ ^1 ) _/:,/, o _/ o\ 

- 1 -h - .0324 -^^\h 'hh 

<,°=62(«,°-«%) + *.0. 

Or, the temperature of the platinum =62 times the rise in tem- 
perature of tJlie water ■»- thejmal temperature of the water. 

SPECIFIC HEAT OF SUBSTANCES, 

BT BEGNAULT AND OTHERS, 

From D. K, ClarVa "Btdes, Tables, and Data," at between 
32"* and 212* Fah,f unless stated. 



Water at 39'i F. 
„ „ 2I2» F. . 
Ice at 32° . 
Steam at 212** 

Mercury .... 
Iron, cast .... 

„ wrought 
Steel, soft .... 
Copper .... 

Lead 

Zinc 

Tin 

Silver 

Platinum, sheet . 

„ spongy, at 952* F. 

Coal 

Coke 

Olive oil ... . 

Air 

Carbonic oxide . 

Carbonic acid 

Hydrogen .... 

Oxygen 

Nitrogen .... 



I'OOO 

I 013 
•504 
•480 
•033 
•130 

■\\l 

•095 
•031 

•093 
•057 

•057 
•0324 

•035 
•240 
•200 
•310 
•238 
•248 
•217 
3-404 
•218 
•244 
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LiOTUBB v.— Qusstiotri. 

1. State the general effects of heat upon matter, tf jToii place a fotmd 
bar of iron in a fire, why does it become longer and larger in diameter ? 

2. What is the unit of heat adopted ki Great Britain? How many 
units of heat are imparted to a cubic foot of water (62*5 lbs.), on raising it 
from 60** to 212* F., also to i lb. of copper ? Am, 9500, and 14*44. 

3. What do yon mean by the quantity of heat in a body, and how is it 
measured ? 

4. How many units of heat are required to raise 1000 lbs. of water from 
32* to 212* F. 7 Aru. iSo,ooo. 

5. Define and show the difference between the terms "capacity for 
heat " and " specific heat " of a substance. Suppose a substance was given 
to you to find its specific heat, how would you conduct the experiment ? 
Give an arithmetical example. 

6. If I lb. of platinum is plunged into i lb. of water at 50* F., and the 
resultant temperature of the water is ii2**F., what was the original tem- 
perature of the platinum 7 Ana. 2025* F. 

7. If 2 lbs. of copper at 500"* F. are plunged into 4 lbs. of water at 60"* F., 
what will be the resulting temperature t Am, 80** F. 
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LECTURE VI. 

Contents. — Transfer of Heat — Radiation— Conduction — Convection. 

Transfer of Heat. — It was explained in the last lecture, that 
equality of temperature between two bodies exists, when there is 
no tendency to a transfer of heat from either to the other. We 
saw also that, when their temperatures differed in the slightest 
degree, there was a tendency to an equality of temperature, by a 
transfer of heat from the hotter to the colder, and that this ten- 
dency is greater, the greater the difference of temperature between 
the bodies. 

The transfer of heat takes place by three processes, called 
respectively, radiation, conduction, and convection: 

Badiation. — ^To illustrate the radiation of heat from one body 
to another, take a common poker, heat it to redness in the fire, 




and hold one hand a few inches from the heated end, as shown in 
the figure. 

The hand experiences the sensation called heat, owing to the 
transfer of the same in straight lines from the hot poker, as it 
were by radial vibrating rays of heat energy. 

Another common, but interesting illustration, is that of making 
a convex lens of ice, by pressing a heated concave scale-pan of a 
bakuice on a block of ice, and holding this lens between the sun 
and your coat at the proper distance, so cus to focus the heat 
rays on the same. The lens of ice, as well as the aii', will be 
scarcely affected by the heat rays passing through them, while 
the coat will soon be burned. 

An even still more interesting and striking experiment, due 

_^ Google 
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to Professor Tyndall, is that of focussing the heat rays from the 
sun or a strong electric arc light on the interior of a block of 
ice. The heat rays pass through the mass of ice without apparently 




affecting it, except at the point where they meet ; here the ice very 
soon becomes melted. 

The phenomenon of radiation consists, therefore, in the trans- 
mission of energy from one body to another by propagation 
through the intervening medium, in such a way that the progress 
of the radiation may be traced, after it has left the first body 
and before it reaches the second, travelling with a certain velocity 
and leaving the medium behind it in the condition in which it 
found it. It is only when the radiation is obstructed that the 
effects of heat are observed. 

Radiant heat is propagated with a speed practically the same 
as that of light ; for example, after a total eclipse of the sun, the 
heat rays re-appear simultaneously with those of light, travelling 
somewhere about 1 86,000 miles per second. In free space, or in 
air of uniform density, light moves in straight lines ; so does radiant 
heat, whether from the sun or from a terrestrial source ; in £act, 
radiant heat and light may be regarded as identical and insepar- 
able. Speaking generally, the rate of radiation of heat by the 
hotter of a pair of bodies, and of its absorption by the colder, are 
increased by darkness and roughness of the surfaces of the bodies, 
and diminished by smoothness and polish. The best radiators of 
heat are likewise the best absorbers of heat, and the poorest 
reflectors. For example, it will be seen from the following table, 
that the radiating and absorbing power of soot is a maximum 
or 100, while its reflecting power is nil — a fact of considerable 
importance in connection with the generating of steam in boilers. 
Again, cyUnder covers are highly polished; why? — to prevent 
radiation of heat therefrom. 

Digitized by VjOOQ IC 



CONDUCTION. 45 

Comparative Radiating, ob Absobbent, and Reflecting 
PowEBS OF Substances. 



8UBSTANCS. 


POWBBS. 


Badiatiiig or 
Absorbing. 


Reflecting. 


Tjampblack or soot 

Water 

Cast iron, polished 

Wrought „ 

Steel 

Brass, cast, dead polish 

M bright 

Copper, hammered or cast 

Silver, polished bright 


100 
lOO 
25 
23 
17 
II 

7 
7 
3 






75 

i 

89 

93 
93 
97 



Conduction. — Conduction is the transfer of heat through sub- 
stances, or from one substance to amx>ther when in contact, due to 
difference of temperature. It may be conveniently divided into 
vnternal and external conduction, according as the transfer of heat 
takes place, between the parts of one continuous body, or through 
the surface in contact of a pair of distinct bodies, although to a 
large extent external conduction or surface conductivity is an 
action of the same kind as internal conduction, for the conduction 
takes place in the surrounding medium. For example, take the 
heated poker (figure on p. 43), the end held in the left hand 
becomes gradually heated by the transfer of heat, from molecule 
to molecule of iron, along the poker in the direction of the arrow, 
while the hand is heated by the transfer of heat through the 
surface in contact therewith. 

A body which conducts heat quickly, is called a good conductor 
of heat ; if it conducts heat slowly, it is called a bad conductor, or, 
if very slowly, a non-conductor of heat. For example, hold a 
copper rod in the hand, and place it in the fire in the same way as 
we did the iron poker, the sensation of heat is felt by the hand 
much sooner than in the case of the poker, whereas, if we do the 
same with a piece of wood, of the same length and cross-section as 
the poker, or the bar of copper, it will be entirely burnt away at 
the end placed in the fire, before any appreciable heat is conducted 
to the hand. 

A common class experiment to illustrate the different conducting 
powers of bodies is that shown by the following figure, where 
small balls are attached by wax at regular intervals to two rods 
or bars, e.g.^ copper and iron, and heat applied to their inner ends 
sunultajieously, and equally, as shown. 
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The balls attached to the copper bar fall off, by the melting 
of the wax, much sooner than those hanging from the iron 

COPPER ,^_^ „«_^ IRON 




one, thus proving conclusively that copper is a better conductor 
of heat than iron^ although their capacities for heat are about the 
same. 

Thermal conductivity must be measured (other things being 
equal) by the quantity of heat which passes ; therefore the rate 
at which conduction (whether internal or external) goes on, is 
proportional to the cross area of the section, or the surface 
through which it takes place. It may be expressed numericall}^ 
in so many units of heat per square foot per minute, or per hour. 
For example, engineers speak of the evaporating power of a 
boiler, as so many pounds of water raised into steam at a certain 
pressure per square foot of grate surface per hour, or plus per 
square foot of the additional heating surfaces^ although in reality 
it depends on many things besides the mere conduction of the 
plates. 

To compare plates of different materials, we must take them all 
of the same thickness and superficial area, and subject them all on 
the one side to a certain temperature, and on the other side to the 
same number of degrees more or less. 

It is important that the engineer should appreciate the relative 
conducting capabilities of the different metals that he has to deal 
with. For instance, the fire-box of a locomotive is made of copper 
in preference to iron, partly on account of its greater conductivity 
and partly <m. account of its withstanding the destructive action of 
the fire better. Again, the outside of boilers and of cylinders are 
carefully lagged with some badly conducting substances, such as 
hair or felt, and wood, so that as little heat as possible may escape 
therefrom. The following table gives roughly the relative con- 
ductivities of a few of the more common metals : — 

Substance. Relative Conductivity. 
Copper 100 

(and upwards, according 
to prcentage of copper 

Zinc . . . . -30 

Iron 16 

German Silver ... 10 

Water 02 C^r^r^n]o 
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Convection. — When the application of heat to a fluid causes it 
to expand or to contract, it is thereby rendered rarer or denser 
than the neighbouring parts of the fluid ; and if the fluid is at the 
same time acted on by gravity, it tends 
to form an upward or downward cur- 
rent of the heated fluid ; this is accom- 
panied with a current from the more 
remote parts of the fluid in the oppo- 
site direction. This action is rendered 
very apparent by the following simple 
experiment : — 

Take a flask partially filled with 
water, mix a few grains of bran with 
it, and apply a lighted spirit-lamp to 
the bottom of the flask. In a few 
minutes the water will be seen to cir- 
culate in the direction shown by the 
arrows in the figure. The water nearest 
the flame is rendered lighter, and, 
therefore, rises upwards, while the 
denser water falls under the action of 
gravity, to be in turn heated and raised. 
The actual transfer of heat throughout the water takes place by 
conduction, but the diffusion is much assisted by the motion of 
the fluid, or convection currents, as they are termed. 

The following experiment is also very instructive : — Take a 
test tube filled with water (left hand, Fig. A), and apply a spirit- 






lamp near the surface of the water. You may hold it there for 
ten minutes or more, and the water at the bottom of the tube is 
scarcely perceptibly warmer than at first. Now apply the lamp 
to the bottom of the tube (right hand. Fig. B) ; in a few minutes 
the water begins to boil. Why this difference 1 The convection 
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currents set up have assisted the naturally had conducting power 
of the water hy hringingy in turn, every portion of it into dose 
proximity with the source of heat. 

It is for the reasons just mentioned^ that the fire-place in a 
holier is placed near the hottom instead of near the surface of the 
water, and it is of great moment not only to give a free and easy 
path for convection currents in hoilers, hut to stimulate them hy 
such appliances as hydro-kineters. The better the circulation of 
the water in a boiler, the more rapidly will it be heated and the 
steam generated. In many boilers (such as those used on board 
steamers) the internal construction is so mixed up with tubes and 
stays, that the water has great difficulty in passing from out-of- 
the-way comers to the more highly heated parts over the flues ; 
and, if circulation is not assisted, the convection currents ^^ short 
circuit,'' as it were (to use an electrical term), and thus leave the 
more remote portions in comparative chill. For a similar purpose, 
large boiler flues are provided with *' baffling plates," to compel 
the hot gases to take a circuitous course, in order that eddies may 
be formed, and for the further object of promoting a better 
mixture of air with the inflammable gases. 

The art of promoting a good draught in a furnace, or of 
properly ventilating a building or a ship, depends upon in- 
ducing and guiding the convection currents in the proper direc- 
tion. This subject is, therefore, of considerable importance to 
engineers. 
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Lboturb VI.— Questions. 

1. Name the different ways by which heat is transferred from one part 
of a body to another part of the same body, and also from one body to 
another not in contact with it. 

2. Explain, and illustrate by an example not mentioned in this lecture, 
how radiation takes place. Why are the covers of steam-engine cylinders 
polished or electro-plated? 

3. Explain, and illustrate by an example of your own, how conduction of 
heat takes place in bodies. Name four of the best conductors in their order 
of conductivity. Name also a few of the worst conductors. 

4. What is meant by *' convection currents"? How does convection 
assist the engineer in raising steam in a boiler 7 Illustrate your answers. 

5. Describe an experiment by which you would show that water is an 
extremely bad conductor of heat. For what reason should heat be applied 
from below when it is required to heat a large mass of water rapidly i 
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Contents.— Nature of Heat — Heat is not a Substance— Rumford, Davy, 
and Joule's Experiments — Conversion of Work into Heat — Joule's 
Mechanical Equivalent of Heat — First Law of Thermo- dynamics. 

Until the end of last century, two rival theories had been en- 
tertained regarding the nature of heat — one, that heat consisted 
of a subtle elastic fluid, termed caloric, penetrating through the 
pores or interstices of matter, like water in a sponge ; the other, 
that it was an internal commotion among the particles or mole- 
cules of matter. 

The former of these theories, or hypotheses, that heat is matter, 
called the " materialistic doctrine of heat," taught hj Professor 
Black of Glasgow University and others, was most conclusively 
overthrown by the celebrated experiments of Count Rumford and 
Davy. It is very remarkable, however, that fifty years elapsed 
before scientific men generally became converted to the conclusions 
to be drawn from them. It was not until Joule, during the period 
extending from 1840 to 1849, had supplied several fresh proofs 
that heat is not a material substance, but one form of energy, 
which may be applied to or taken from bodies in various ways, 
and that the amount of energy, in whatever form applied or 
removed, may be estimated in mechanical units of work or foot- 
pounds, that what is now known as the Kinetic theory ofhecU, be- 
came generally accepted, and the science of thermo-d3mamics 
placed on a firm basis. 

Count Biunford's experiments on the production of heat by 
friction, were carried out in the following manner, and commu- 
nicated to the Royal Society in 1798 : — 

In casting guns it was usual to leave a projecting cylindrical 
'' head " of metal at the muzzle, so as to insure sound metal in the 
gun. The guns were cast in a vertical position with the muzzle 
end upwards, very much in the same way as large water or gas 
pipes are now made, the effect of addmg the ''head" to the 
casting being to add pressure to the fluid metal in the lower parts, 
thus expelling air and gases towards the surface, and into the 
'' head,'' which was cut off before boring out the gun. 

Rumford obtained a casting for a six-pounder brass gun from 
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the military arsenal at Munich, and surrounded the " head," H, by 
a wooden trough, W T, containing about i8 lbs. of water, W, 
at 60" Fah. The machinery which rotated the gun, G, was driven 
by two powerful horses. A blunt boring tool, B T, which was 
made of steel, 3-5 inches diameter, was forced against the head, H. 




w.T. 



Count Rumpord's Experiment. 



G for Gun. 
N „ Neck. 
H „ Head. 
B T „ Boring tool. 



W T for Wooden trough. 

W „ Water. 

T „ Thermometer. 



This boring tool was held firmly in a rest, and pressed forward by 
means of a screw with an estimated pressure of 10,000 lbs. The 
result of this experiment was, that the heat generated by the 
friction between the blunt boring tool and the metal of the head, 
was partly conducted through the neck connecting the head with 
the gun, and partly absorbed by the water in the trough, so that 
the temperature of the watei rose at the end of an hour to 
107** F., in an hour and a half to 142" F., in two hours to 178** F., 
and, finally, at the end of two and a half hours the water boiled. 
Count Rumford said — "It would be difficult to describe the 
surprise and astonishment expressed in the countenances of the 
bystanders on seeing so large a quantity of water heated, and 
actually made to boil without any fire ! " He adds — " By medi- 
tating on the results of these experiments, we are naturally 
brought to that great question which has so often been the subjecft 
of speculation, namely — What is heat ? Is there any such thing 
as an igneous fluid ? Is there anything that, with propriety, can 
be called caloric 1 " And, further — " It is hardly necessary to add 
that anything which an insulated body or system of bodies can 
continue to furnish without limitation, cannot possibly be a 
material substance ; find it appears to me to be extremely difficult, 
if not impossible, to form any distinct idea of anything capable of 
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being excited, and communicated in the manner heat was excited, 
and communicated in these experiments, except it be motion/' 

Davy's experiment on the melting of ice by friction, an- 
nounced by him in 1799, in his first published work, entitled — A7z 
Essay on neat. Light, ancl Combinations of Light, was regarded at 
the time as a complete refutation of the materialistic doctrine of 
heat. 




Sir HuMriiRY Davy's Experiment. 

In an atmosphere at a temperature of 29** F., he rubbed together 
two small slabs of ice with the result (as shown in the fig.) that 
the ice was melted at the surfaces of contact, producing water at 
a temperature of 35" F. Now, as we saw in Lecture V., a mass of 
water contains an absolute quantity of heat greater than an equal 
mass of ice, and it is, therefore, impossible to account for the pre- 
sence of the increased temperature on the assumption that heat is 
a material substance. Davy said — " The immediate cause of the phe- 
nomenon of heat is motion, and the laws of its communication are 
precisely the same as the communication of the laws of motion." 

Maxwell, in his Theory oj Heat,^^ 306, says — " The molecules of 
all bodies are in a state of continual agitation. The hotter the 
body is, the more violently are its molecules agitated." 

Joule's experiments, carried out between 1840 and 1849, re- 
called the attention of scientists to Kumford and Davy's .doctrine 
regarding the nature of heat, and gave us the means of estimating 
with exactness the quantity of work required to generate a certain 
quantity of heat. 

Joule's favourite experiment was the conversion of work into 
heat by the stirring of water. He arranged his apparatus in a 
manner similar to that shown in the following figure. 

A known weight, W, was allowed to fall through a known 
height, and in doing so to revolve vanes or paddles, RV, inside 
a copper cylinder, C C, containing a known weight of water ; 
thus churning the water against the fixed plates or stationary 
screens, FP. The effect of this churning was to raise the 
temperature of the water, by imparting to it a certain quantity 
of heat, depending on the product of the weight into the space 
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through whicli it fell, or the foot-pounds of work expended. We 
need not enter into the many details of Dr. Joule's carefully con^ 



CO 




R.V, 




Joule's Water-sttbring Experimekt. 

VS for Vertical scale in feet. i C C for Copper cylinder. 

W „ Weight. T 

R ,, Rope or twine. RV 

GP „ Guide pulley. 

D „ Drum. FP 

H „ Handle. D P 

S „ Spindle. 



Thermometer. 

Revolving vanes or paddles 

(8 sets). 
Fixed plates (4 sets). 
Disconnecting pin. 



ducted experiments, whereby he eliminated from his results the 
effect of friction in the guide pulley, G P, as well as the effects of 
radiation and conduction of heat to or from the apparatus during 
the time of the experiment, (kc. It will suffice to give his fin^ 
result and an example. 

The British Association in 1870 requested Joule to re-investigate 
the subject, for the purpose of giving greater accuracy to the 
determinations by his fluid friction method, with the final result 
of proving that 772*43 foot-pomuls {at the latitude of Mancliester) 
tire equal to the quantity of heat required to warm from 60° to Gi* 
Fah. a 2^ound of water weighed in vacuum. This has been termed 
"Joule's Mechanical Equivalent of Heat," or, shortly, "Joule's 
Equivalent," and is denoted in formulae by the letter J. In round 
numbers we say, i British thermal unit = ^^2 ft.-lha. 
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For instance, suppose that, with Joule's apparatus we had used 
a weight of 77*2 lbs., and had allowed it to fall through a height 
of 10 feet. In doing so, let the mechanical work (772 ft.4bs.) be 
converted into heat by churning i lb. of water at 60* F. We 
should then find (if all extraneous losses were avoided) that the 
water had risen in temperature to 61* F., when the weight passed 
the loth foot. Again, if we took i lb. of water at 60* F., and 
raised its temperature i" F., by any method whatever, the quantity 
of heat imparted to it (viz., i thermal unit), if conveorted into me- 
chanical energy by a perfect heat engine, would perform 772 ft.-lbs. 
of work, or raise 772 lbs. i foot. 

First Law of Thermo- dynamics. — Heat amd work are 
miUuaUy convertiUey ami Joule^s eqmvalent is the rate of eocchange. 

The importance of this mutual relation between heat and fffork 
cannot be too strongly impressed on the student at the very out- 
set of his studying steam and the steam engine. In this lecture 
it has been shown that the expenditure of so many u/nits oj work 
produces, under the circumstances noted, an exact and unvarying 
equivalent of so many units of heait; and we shall see in future 
lectures how the expenditure of so many units of heai produces an 
equivalent in vmts of work. 

A familiar illustration of the foregoing principle of the mutnai converti- 
bility of heat and work is that of the Locomotive Engine. In the furnace 
we have the production of heat by the combustion of coal. A proportion 
of this heat is imparted to the water in the boiler, thus raising steam. The 
steam on being admitted to the cylinders parts with a portion of its heat 
in the act of doing the work of propeUing the pistons, and thus moving the 
train. Again, when the train is nearing a station the steam is shut off, and 
the brakes applied. Then the stored work is converted into heat, which may 
be observed by sparks issuing at the brakes, and by feeling the increased 
temperature of the brakes, wheels, and rails. 

EXAMPLE I. — ^Suppose a locomotive bums 6 lbs. of coal per horse-power 
per hour, and that every pound of coal burned in the furnace gives up to 
the water in the boiler 10,000 British units of heat, we have — 

6 lbs. X 10,000 u = 60,000 units of heat per H.P. per hour. 

But— I H.P. = 33,000 ft.-lbs. per minute, 

= 33,000 X 60' = i;98o,ooo ft.-lbs. per hour. 
And— 772 ft.-lbs. = I unit of heat. 

1,980,000 ^ 25647 units of heat converted into work every hour, 
772 
Consequently— 60,000 u : 25647 m :: 100 : a? =s 4*27, 

Or the locomotive only converts 4*27 per cent, of the total heat generated 
in the furnace into its equivalent of work in the cylinder. 

EXAMPLS II. — Suppose that the energy of the train when the brakes 
are put on is equal to 16 ; 500,000 ft.-lbs. 

Then, i6;5oo,ooo -*- 772 = 21,373 units of heat, or an amount of heat is 
generated at the brakes wl^eels, and railS| &c., whip|i woi^cl is^ 21373 lbs. 
9f water igo* y. 
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Note.^-Vf^ thus see from these two examples that the transformation 
from work into heat is more easy and complete than from heat into work. 

EXAMPLE III. — ^An engine develops lo H.P. ; how many units of heal 
does it convert into nseful work per minute and per second ? 

10 H.P. = 10 X 33,000 =5 330,000 ft. -lbs. per minute 

'I'lQ 000 

^-^-rz — * 5,500 ft. -lbs. per second. 

But I unit of heat = 772 ft. -lbs. 

•*• 772 ft.-lbs. : 330,000 f t.-lbs : : i heat unit : x heat units. 

^^o 000 
X =s ^^-^ — = 427 units of heat per minute. 

And similarly — 

jf= 55?? =5 7.1 „ „ per second. 
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Lbotubb VII.~QUB8TI0FB. 

1. Give free-hand sketches with index of parts, and a description in your 
9wn words of Bumford's, Davy's, and Joule's experiments. 

2. State in your own words what you consider heat to be, and give Joule's 
mechanical equivalent for one British thermal unit. 

3. How has the work done in raising the temperature of a pound of 
water through one degree been ascertained 7 A pound of coal gives out 
during combustion 12,000 units of heat ; how much work in foot-pounds 
could be done per pound of coal burned, if there were no waste! 
Ans, 9:264,000 ft. -lbs. 

4. It is estimated that every pound of average steaming coal burned in 
the furnace of a boiler gives out i3,ocx> units of heat. It is found that a 
good compound engine and boiler require 2 lbs. of coal per hour per 
Uidicated horse-power. What is the efficiency of the combined boiler and 
engine 7 Ant. 9*8 per cent. 

5. Define a unit of heat. A steam engine indicates 25 H.P.; how many 
units of heat does it convert into useful work per minute 7 (S. and A. 
Exam.. 1888.) Ans. 1068*8. 

6. Using Fahrenheit's thermometer, define the British standard unit of 
heat. To what amount of energy, expressed in British units of work, is 
this heat unit equivalent 7 How many units of work must be converted 
into heat in order to raise the temperature of 3 lbs. of water from 50" F. 
to 120'' F. 7 Ans, 772 ft.-lbs. ; 162,120 ft. -lbs. (S. and A. Exam., 1894.) 
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LECTURE VIII. 



Contents.— Sensible and Latent Heats of Water and Steam — Worked 
Examples— Explanation of Sensible and Latent Heats by the Kinetic 
Theory of Heat. 

Sensible and Latent Heats of Water and Steam. — Hitherto 
we have dealt with heat when imparted to or abstracted from 
bodies as indicated by a rise or fall of temperature in the body. 
It has been customary to call this condition sensible heat; but there 
are exceptional cases in which temperature does not vary in a 
mass of matter when heat is communicated to it from, or taken 
from it to, external matter. For instance, when the body is ice 
at the melting point, heat communicated to it does not raise its 
temperature above 32° F., or, if the body be water at the boiling 
point in the open air, heat slowly communicated to it, in however 
great a quantity, does not raise its temperature above 212° F., 
at the normal pressure of the atmosphere. This heat is termed 
latent /teat, 

A short account of Professor Black's well-known experiments, 
carried out about 1762, will serve to illustrate the difference 
between what is termed the "sensible" and the "latent" heat of 
a substance. 





5oz.lCE.32°F. 5oz WATER 32^F. 

Black's Experiment on Latent Heat of Water. 

Black procured two glass flasks, in one of which he placed 5 ozs. 
of ice at 32° F.,* and in the other 5 ozs. of water at the same 

* The ice was beginning to melt, and his estimate of the temperature at 
the surface was 33" F. 
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temperature. He suspended them within a short distance of each 
other in a room which remained at a uniform tempeiuture of about 
47* F. He observed that in one half -hour the water increased in 
temperature by 7* F., but that it took twenty half -hours for the 
whole of the ice in the other flask just to become melted, and he 
reasoned thus — that from the time required the amount of heat 
which had entered the ice must have been twenty times as much 
as that which entered the water. He, therefore, computed that 
the latent heat of water must be 7 x 20 ( half -hours) = 140. 

Another experiment of Black's was that of placing a lump of 
ice in an equal weight of water at 176** F., with the result that 
when the whole of the ice had melted, the temperature was no 
greater than that of water just ready to freeze. Therefore, as- 
suming the final temperature of the mixture to have been 33° F., 
we have 176- 33 = 143, as the amount of heat required to melt the 
ice, or the latent Iieat of water. 

In this estimate he was very near the truth ; for, even at the 
present day the mean result of some of the best experimenters 
appears to be, that 143 British thermal units of heat are absorbed, 
or become latent, in the conversion of i lb. of ice into water at the 
same temperature; and, consequently, 143 B.T.U., are given out 
or let free in the conversion of i lb. of water at 32*^ F., into ice at 
the same temperature.* 




Black's Experiment on the Latent Heat op Steam. 

Black's third experiment consisted in placing a flat tin dish on 
a hot plate over a fire ; into this plate he put a small quantity of 
water at 50° F., and observed that after 4 minutes the water began 
to boil, and in 20 minutes more it had all evaporated. Now, 
since the water increased by (212* — 50**) = 162* in 4 minutes, he 

* The latent heat of water by the Centigrade scale is 79*4 ; for, -1^3J1_5 = 

79*4, say 79 units of heat required to convert i lb. of ice at 0° C. into i lb. 
of water at the same temperature. 
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reasoned that it must have been receiving heat at the same rate 
throughout the experiment, or that in 20 minutes it had absorbed 
five times as much as in the first 4 minutes without any appa- 
rent rise in temperature as indicated by the thermometer, or, 
5 X 162 = 810 — Black's estimate of the latent heat of steam. 

In this last estimate Black was incorrect, as might be expected, 
from the rough nature of his experiment. It has since been found 
that the latent ?ieat of steam at atmospheric pressure is 966*6. In 
other words, it requires 966*6 British thermal units of heat to 
convei*t I lb. of water at 212* F., into steam at the same tempera- 
ture, or I lb. of steam at 212" F., gives out 966*6 B.T.U., in being 
condensed into water at the same temperature.* 

The following definition of sensible and latent heat will now be 
quite clear : — 

^' Heat given to a substance, and warming it, is said to be 
sensible in the substance. Heat given to a substance, and not 
warming it, is said to become latent " (Sir Wm, Thomson), 

Latent heat is the quantity of heat which must be communicated 
to (unit mass oft) a body in a given state, in order to convert it into 
another state without changing its temperature {MaocweU), 

In order to impress on junior students the foregoing statements 
with regard to the latent heats of water and steam, we now give a 
few examples worked out in detail. The student should carefully 
study them, and then work them out for himself; or, these 
examples, as well as several of the questions at the end of this 
lecture, may with advantage be worked out on the blackboard by 
the teacher. 

EXAMPLE I. — How many pounds of ice at 32* P. will be con- 
verted into water at 40* P. by mixing it with 6 lbs. of water at 
i6o'P.1 

6 lbs. of water gives up 6(160" -40*) = 720 unita 
I lb. of ice takes up 143 + (40-32) = 151 „ 
.'. 720 -^ 151 = 4768 lbs. 

EXAMPLE II. — Into i cwt. of water at 45* P. are poured 20 lbs. 
of water at 160' P., and then 4 lbs. of ice at 32** F. are added. 
What is the final temperature when the ice has just melted 1 

* The Latent Heat of Steam by the Centigrade scale, is, therefore 
966'6 x5 
— Q " 537 • or» 537 times the quantity of heat absorbed in raising 

I lb. of water by i* 0. 

t I have added the words (unit mass of) to Maxwell's definition, because 
it appears deficient without them. When we speak of 143 as the latent 
heat of water, and 966 as the latent heat of steam, it is understood that 
143 and 966 units of heat are required respectively for every i lb. (or unit 
of mass) to change the state from solid to liquid, and from liquid to 
jiaseoiis.— 4. /. ^ T 
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Water 1 12 (45* - 32*) = + 1456 units of heat from 32* F. 

Water 2o(i6o'*-32'') = +2560 „ „ 

Ice 4 X 143 = - 572 to convert 4 lbs. ice into water 

Total 1 36 lbs. mixture = 3444 units left, 

.•. 3444 -^ 136 = 25-32 above 32* or 57" '32 F. 
EXAMPLE III.— If the heat which just melts 8 lbs. of ice at 
32* F. were applied to 30 lbs. water at 60" F., to what temperature 
would the water rise ? 

8x143=1144 units of heat required to melt the ice. 
Now, 30 lbs. of water raised i* F. = 30 units of heat, 

.'. 1144 -5- 30 = 38*'-i3 F. of rise from eo'^F. or 98*'*i3 F. 
EXAMPLE IV. — ^There are mixed together 200 lbs. of water at 
loo^'F., 3 lbs. steam at atmospheric pressure, and 15 Iba of ice 
at 32* F. What is the resulting temperature when all the ice is 
just melted. 

The 200 lbs. water have + 13,600 u, more than water at 32* F. 
„ 3 „ steam „ + 3,438 •* » >t 

„ _I5 „ ice „ - 2,14 5 less „ 

.*. 218 „ mixture,, 14,893 more „ „ 

And 14,893 -f- 218 = 68'*-3 F. above 32 = ioo*-3 F. 
EXAMPLE V. — If one pound of Newcastle coal develops 1 2,000 
units of heat by its complete combustion, how much water at 
60° F. should be converted into steam at 212° F. by the con- 
sumption of I cwt. of such fuel, assuming that there is no loss of 
heat during the operation? (S. <fe A. Exam., 1887.) 
Every pound of water in being raised from 60* F. to 212° F. absorbs — 

I lb. (212'* -60*') = 152 units of heat. 
Every pound of water raised to 212*" F., in being converted into steam at 
the same temperature (212* F.), absorbs — 

966 units of heat. 
. *. Every pound of water at 60** F., in being converted into steam at 
212° F., absorbs — 

152 units + 966 units =1118 units of heat. 
From the question we are informed that every pound of coal develops — 

12,000 units of heat. 
. •. I cwt. of coal develops — 

112 lbs. X 12,000 units » 1,344,000 units of heat. 
Consequently, as :— 

1 1 18 units : 1,344,000 units :: i lb. water : x lbs. water. 

1,344,000x1 « o X 

,\x= Q = 1202*1 lbs. of water, 

1 1 lo 



Now since i gallon = 10 lbs. — 

I202'I 



= 120-21 gallons. 



10 
And since i cubic foot of water = 62-5 lbs. — 

'-^, — = 19 cubic feet of watey. 
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Explanation of Sensible and Latent Heats by the Kinetic 
Theory of Heat. — According to the kinetic theory, heat is a 
rapid vibratory motion of the ultimate particles of matter, and 
temperatuie is the outward manifestation of this motion. An 
increase or a decrease in the temperature of a body means an 
increase or a decrease of molecular kinetic energy. Hence, by 
" sensible " heat is meant that heat which is effective in changing 
the molecular kinetic energy of the body. The sensible heat 
given to i lb. of water between the temperatures 32' F, and 
212* F., is 180 B. T. U., and the whole of this heat is employed 
in giving a more rapid vibratory motion to the molecules of the 
water.* The amount of work done in increasing the kinetic 
energy of the molecules of the water during this change of 
temperature may be mentally pictured in this way. The sensible 
heat is equivalent to 180 x 772 = 138,960 ft.-lbs. of mechanical 
work, and corresponds to the work done in raising a weight of 
rather more than 62 tons through a vertical height of i foot ; or, 
it is equivalent to the work done in projecting a 5 lb. shot from 
a gun with a velocity of 1336 ft. per second ! The whole of this 
work, be it remembered, has been done within the mass of i lb. 
of water between the freezing and boiling points. If, then, by 
any contrivance we convert the whole of the heat given out 
during the cooling of i lb. of water from its boiling to its freezing 
point, we should be able to do mechanical work to the extent of 
138,960 ft.-lbs. 

We have shown, that during the conversion of a solid into a 
liquid, or a liquid into a gas, an amount of heat disappears 
without in any way affecting a thermometer placed in the mixture ; 
until, the change of state of the whole mass has been completed. 
Thus, in converting i lb. of ice at 32° F, into water, 143 B. T. U. 
disappear before a change of temperature takes place. In the 
same way, 966* 6 B. T. U. disappear during the conversion of i lb. of 
water at 2 1 2° F. into steam at the same temperature. The question 
may then be asked, what becomes of this heat ? Evidently no 
part of it is employed in increasing the kinetic energy of the 
molecules of the body, otherwise this would be indicated by an 
increase of temperature. The older physicists, believing that 
heat was a substance — a highly elastic, imponderable and subtle 
fluid, called caloric — accounted for the above phenomenon by 
saying that this " caloric " became latent or hidden in some out- 
of-the-way holes or pores of the body. But we now know that 
heat is not a substance, and we cannot conceive of any such 

* We fehall see in Lecture Xa. that rather less than 180 B. T. U. are 
•emplojed in increasing the molecular kinetic energy ; but the difference is 
so small that we may safely neglect it. 
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cavities or pores in matter wherein this ''caloric'' could possibly 
conceal itself in the manner suggested. Further^ this disappear- 
ance of heat never occurs except when there is a change of state 
of the body. To clearly understand what actually takes place we 
require to give a brief explanation of the fundamental differences 
of the three states of matter as presented to our senses. Accord- 
ing to the theory of the molecular constitution of matter, the 
distinctive character of a solid is the fixedness of the molecules 
relatively to each other. The molecules have a rapid tremulous 
motion about their mean positions, but are otherwise so firmly 
bound to their neighbours that work has to be done against the 
molecular attractions before they can be given greater freedom of 
movement or separated from each other. Hence, considerable 
effort is required to separate one portion of a solid from the 
remainder of the mass. Whenever the molecular attractions are 
sufficiently overcome, that the molecules glide freely over each 
other and move about throughout the whole mass, we have all the 
characteristics of a liquid. The greater the mobility of the 
molecules the more perfect is the liquid. Hence, the difference 
between a solid and a liquid is the ease with which the parts of 
the latter can be separated from each other, and the readiness 
with which the whole assumes the form of the containing vessel. 
With gases, on the other hand, the mobility of the molecules is 
very much greater than in the case of liquids. Here the mole- 
cular forces are repulsive, and these cause the molecules to 
separate from each other as far as the sides of the containing 
vessel will permit. Thus, a portion of gas, however small, when 
allowed to enter a vessel, however large, soon diffuses itself equally 
throughout the whole vessel, and this is true whether th^re are 
other gases or not in the vessel along with it. 

We are now in a position to understand what becomes of the 
so-called latent heat. In converting a solid into a liquid, or a 
liquid into a gas, work has to be done in effecting certain mole- 
cidar actions, as in overcoming the molecular attractions charac- 
teristic of solid substances, or bringing into play those molecular 
repulsions characteristic of the gaseous state. Hence, during 
those transient states of matter, the so-called latent heat dis- 
appears as heat, but reappears as the result of molecular mechanical 
work. 

As before, we may give a mental picture of the vast amount of 
work done within the mass of i lb. of water during those physical 
changes. 

In converting i lb. of ice at 32** F. into water at the same 
temperature, 143 B. T. U. (or, 143x772 = 110,396 ft. lbs. of 
work) have been expended against the molecular attractions. 
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This corresponds to the work done in raising a weight of about 
49^ tons through a vertical height of i foot ; or the work done in 
projecting a 4 lb. shot from a gun with a velocity of about 1330 
feet per second ! 

In converting i lb. of water at 212** R into steam at the same 
temperature, 9666 B. T. U. (or, 966*6x772 = 746,215 ft. lbs. 
of work) are expended in bringing about this physical change. 
This corresponds to the work done in raising a weight of rather 
more than 333 tons through a vertical height of i foot ; or the 
work done in projecting an 18 lb. shot from a gun with a velocity 
of more than 1600 feet per second ! 

Conversely, when i lb. of steam at atmospheric pressure 
(2 1 2** F.) is condensed into water at the same temperature, the 
work done by the colliding or '' clashing " of the molecules corre- 
sponds to 746,215 ft. lbs. or 9666 B. T. XT.* 

If, then, an engine could convert the whole of the heat given 
out during the reduction of steam at 212*" F. into water at the 
same temperature, mechanical work to the extent of 746,215 ft. 
lbs. would be done per. lb. of steam condensed. We shall after-< 
wards see that only a very small fraction of this work can be 
made use of in practice. 

* We shall see in Lecture Xa. that the whole of the 9666 B. T. U. are 
not employed in molecular work; for about 73 B. T. U. go to perform work 
4xtemal to the substance. 
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Lbotubb VIII.— Questions. 

1. What is the distinction between sensible and latent heat T Define a 
** thermal unit." 

2. Describe an experiment by which you could show that heat becomes 
latent when water is converted into steam. 

3. When you speak of the "latent heat of steam," what property of 
steam do you refer to 7 State the numerical value of the latent heat of 
steam at 212* F. A pound of water at 212* F. is passed into 20 lbs. of water 
at 70* F. ; what is the temperature of the water at the close of the opera- 
tion? -47W. 76°7. 

4. What is meant by saying that the latent heat of steam is 966*6^? Point 
out the sources of 'error in Black's experiment when he tried to find the 
latent heat of steam. 

$. How much ice at o" 0. will be converted into water at 5" 0. by mixing 
it with 10 lbs. of water at 80° 0. ? Am, About 9 lbs. 

6. The latent heats of i lb. of water and i lb. of steam are respectively 
143 and 9666, according to the Fah. scale ; work out in full by proportion 
what they are according to the Cent, scale. Am. 79*4 and 537. 

7. How many British units of heat are required to raise i cubic foot of 
water (62*5 lbs.) from 15* 0. to 100* 0. ? Am. 9562*5. 

8. What is the resulting temperature on mixing 20 cubic feet of water at 
212* F. with 100 cubic feet at 10* 0. ? Am. 77" F. 

9. How many units of heat would be absorbed in raising 18 lbs. of steam 
of atmospheric pressure from water at 65° F. ? Ana, 20,034. 

10. How much water at 53" F. could just be brought to the boiling-point 
by tha latent heat given up by 2 lbs. of steam at atmospheric pressure being 
condensed ? ^?w. (966 x2)-7-i59=i2'i6 lbs. 

11. Define the terms latent heat^ foot-pound^ thermal unit. Write down 
the number which expresses the latent heat of steam at 212° F., and explain 
how that number is arrived at. (S. and A. Exam. 1890.) 

12. When does heat become latent 7 What do you understand by the 
expression latent heat of steam f What unit is adopted for measuring and 
comparing quantities of heat 7 Write down the number expressing the 
latent heat of steam at 212* F. (S. and A. Exam. 1891.) 

13. What is the thermal unit employed in this country? State its 
measure in foot-pounds. How many thermal units are expended in con- 
verting one pound of water at 60** F. into one pound of steam at 212* F, t 
(S. and A. Exam. 1892.) Am. Iii8'6. 

14. Distinguish between the sensible and latent heat of steam. How 
many thermal units must be added to i lb. of water at 32° F. to raise it to 
212* F. and evaporate it into steam 7 How many of these units go to 
sensible and how many to latent heat 7 (S. and A. Exam. 1893.) Am. 
1146-6 B. T. U. ; 180 B. T. U. ; 966 6 B. T. U. 

15. Write a brief essay explaining what you consider ** sensible ** and 
"latent'* heat to be; and illustrate the same by means of one or two 
examples. 
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LECTURE TX. 

CONTBITTB.— Total Heat of Byaporation — Graphic diagram Tepresenting 
the Changes from Ice into Water and Water into Steam— Quantity of 
Water required for Oondensation of Steam, with Bzamplea for a Jet 
Condenser. 

Total Heat of Evaporation. — The total heat of evaporation is 
the sum of the sensible and the latent heats of evaporation, and 
is approximately a constant quantity for pressures near the 
atmospheric pressure. 

The heat required to elevate the temperature of i lb. of water 
from the freezing point, 32*" F., to the temperature of evaporation, 
is called the sensible heat,* and the additional heat required to 
evaporate it is termed the latent heat (see Lecture YIIL). 

^e total heat of evaporation for water is, therefore, the 
quantity of heat in thermal units necessary to raise i lb. of 
water from the freezing point, 32° F., to the particular tempera- 
ture at which it is being evaporated, and to evaporate it at that 
temperature. 

Let K stand for the Total heat of evaporation in B.T.U. 
S „ „ Sensible heat „ „ 

L ,, y, Latent heat „ „ 

Then, H - S + L. 
Now, since we have defined a unit of heat to be the quantity of 
heat necessary to raise i lb. of water by i* Fah., the amount of 
heat imparted to i lb. of water, in raising its temperature from 
32^ F. to a I a** F., must be (212 — 32) =180 such units; or the 
sensible heat of steam at 212* F., is said to be 180 units per lb., or 
180. Again, we saw that the latent heat of steam at aia"" F. was 
in round numbers 966 units per lb., or 966. 

Consequently, the total heai of steam at that temperature must 
be— H = S + L 

- 180 + 966 

s 1146 Units of Heat. 

The following figure will clearly explain this, and should be 
carefully studied. 

* The reason for starting from the freezing point of water, and not from 
■ero Fah., is that we thus avoid the introduction of the latent heat of water. 
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If steam is generated at a higher temperature than ai2* F., the 
sensible heat increases, and the latent heat decreases. 

The following formula, deduced from Begnault's experiments, 
gives approximately the IcUent heeU of steam produced at other 
temperatures Falu : — 

L = 966 - 07 («• - 2ia*), 

where L, is the latent heat, and <°, the temperature of evapora- 
tion on Fahrenheit scale. 

Consequently, the total heat of evaporation, at any temperature, 
f, must be — 

H = S + L 

= («' - 32*) + 966 - 07 {e - 2I2*) 

= 1082-4 + 0-3 <*. 

For example. — Let us find from this equation the total heat of 
steam at 212'' F. Then ^ = 212° and '3 x 212 = 63*6, which, added 
to 1082*4= 1 146, the number we got before. 

The following table gives approximately the sensible, latent, and 
total heats of evaporation of i lb. of steam up to a pressure of 
7 atmospheres, t.e., about 88 lbs. on the square inch above the 
atmosphere : — 





B. 


L. 


H. 


At pressure of i atmosphere . 


180 


966 


1 146 


2 ,. . . 


217 


940 


"57 


*t 3 M • • 


241 


923 


1 164 


4 m • . 


259 


910 


1 169 


:: i :: : : 


^? 


8^ 


1174 
1178 


M 7 .. . . 


298 


883 


1181 



We see from this table that, notwithstanding the decrease in the 
latent heat, the total heat of evaporation slowly increases. This 
point will be found to be of great importance in considering the 
expansive properties of steam, and one that will explain some 
curious phenomena connected therewith. 

Quantity of Water required for Condensation. — 
Students will be shown further on the importance placed by Watt 
on the production of a good vacuum behind the piston of his steam 
engine. He thereby took as full advantage as possible of the natural 
pressure of the atmosphere in propelling the piston forward, and of 
getting as much work out of his engine as he could. In order to 
do flo, he attached to his steam cylinder a separate chamber, called 
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by him a " condenser/' whereby the exhausting steam, instead of 
going straight into the open air ^and meeting with a resistance of 
about 15 11^. on the square inch), was brought into intimate con- 
tact with a spray or douche of cold water, which had instantly 
the effect of greatly reducing its temperature, and consequently its 
volume and pressure, as may be observed from an inspection of the 
graphic diagram on p. 67 ; from which it will be seen that steam at 
atmospheric pressure occupies 1642 times the volume of its weight 
in water, ^e most economical engines of the present day are 
'' condensing engines," and, consequently, the student will at once 
see the full importance of thoroughly mastering the following 
problems relating to the quantity of water required for condensing 
a known quantity of steam. 

First, we shall obtain a formula or rule for determining the 
minimum weight of condensing water which must be directly 
mixed with ilb. of steam, in order that the mixture may be 
reduced to water at a certain temperature, or the temperature of 
the hot-well. 

The following is theoretically true : — 

TheLo88 of Heat from the Steams the Gain offfetU by the Water- 

Now, let I lb. of steam at a temp, t^ be subjected to an injec- 
tion of X lbs. of water at a temp. ^,*, and let the result be water 
at a temp, t^. 

Let H = total heat, reckoned from 32* F., in i lb. of steam at 
t^ ; then H = 1082-4 + •3«i B.T.U. Hence 

The I088 of heat from i lb. of steam) rxr /^ \iT>mTT 

in falling from t° to «.» } = i x {H - («, - 32)} B.T.F. 

and the gain of heat in x lbs. of water = oj x (^3 - ^,). 
••• i^{H-(«3-32)} = xx{t,-t,) 
:. y~ ^"^8 + 32 ^ 1082-4 + '3<,-f3+ 32 ^ iii4-4-^-3^-<8 j^^g 
h "" ^» h~ h h " h 

which is the general formula for the weight of water required to 
condense i lb. of steam at t^° to water at ^3*. 

As a particular case, let ^^ = 2i2°F., then 

iii4'4 + -3X2i2-<3 _ ii78-<3 ,^ 

^ " h^, h^^ ^^'' 

An example or two will illustrate the above rule and fix the 
principle in the memory, as well as dearly show the difference 

* In working out examples students may substitute tg for t^ ; f«, for t^ 
and «A for *$» where s stands for steam, w for water and h for hot-well. 
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between the mixiog of two quantities of water, and a quantity of 
steam and water. • 

BxAMPLB I.— If I lb. of waJUf at 212** F. be mixed with x lbs. of water 
at 60° F., what is the value of x when the resulting temperature is 100° F. 7 
The L088 of Heat from the Water alt 212** F.=the Gain of Heat hy the 
Water at 60** F, 

112 
.'. ix(2i2'-ioo*)-xx(ioo*-66'*); .*. 112=401:^ or «= — =2*8 lbs. 

40 

Again — If i lb. of steam at 212*" F. be mixed with x lbs. of water at 
60*" F., what is the value of x when the resultinjg^ temperature is 100'' F. 7 

The Loss of Heat from the Steam at 212° ^= the Gain of Heat hy the 
Water at 60' F. 

The loss of heat from the steam = i x { 1 146 - (100 - 32)} = 1078 B T.U. 
The gain of heat by the water = a; x (100- 60) =400; B.T.U- 

.-. 1078=4011!, or «-^^=26-95 lbs. 
40 

We thus see the great effect of the latent heat of steam. It only 
requires 2*8 lbs. of water at 60** to produce the same temperature-result on 
water at 212'' that 26*95 iba of water can do on steam at the same 
temperature. 

Example II. — In a jet condenser the temperature of the condensing 
water is 60*" F., and that of the exhaust steam is 160*" F. The tempera- 
ture of the hot well is 1 10° F. Suppose the engines develop 200 LH.P., 
and use \ lb. of steam per I.H.P. per minute, find the weight of con- 
densing water supplied per hour to the condenser. 

Here the weight of steam passing through the condenser per h<ntr= 
200x^x60=6,000 lbs. Let x = weight of condensing water required. 
Then the Loss of Heat from the Steam = the Gain of Heat by the Water. 

The his of heat fiom 6,000 lbs. of steam at 160'' F. 
=6,ooox/H. -(100-32)} B.T.U. 
s=6,ooox[io82-4+-3xi6o-(iio-32)} B.T.U. 
=6,ooox 1052-4=6,314400 B.T.U. 

The gain of heat by the water =a^ 1 10 - 60) » 50a; B.T.U. 

.-. 6,314,400=502;; ora?=-i2^^=126,288 lbs.=56*47 tons per hour. 

We might have applied the formula already deduced on previous page 
in answering this question. 

_ iii4*4 + *3xi6o-iio o fv !,_ ^ ^ 

Here «= — 2_2 — 2 — =21 •048 lbs. per lb. of steam. 

110-60 ^ ^ 

. *. since there are 6,000 lbs. of steam passing through the condenser 
per hour, there will be 6,000 times the above quantity of condensing 
water required per hour 

= 21*048x6,000=126,288 lbs.=56-47 tons as before. 

Although the jet condenser has now been greatly superseded by surface 
condensers wherever pure fresh condensing water cannot be obtained 
(owing to ithe advantage of the condensing water being kept free from 
contact with the steam), we must refer students to our text-book on Steam 
and Steam Engines for the problems involved in determining the quantity 
of condensing water required therewith, owing to their more advanced 
character. 
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Lbotubb IX.— Questions. 



1. If a ponnd of water at 212* F. be mixed with x pounds of water at 
60*, what is the value of x when the resnlting temperature is 120** 7 
Again, if a ponnd of steam at 212* F. be mixed with y pounds of water at 
60*, find y when the resulting temperature is 120 . Account for the 
difference between x and y. Ana, 05= 1*53 lb. ; y= 17*5 lbs. 

2. What is the latent heat of steam T If a quantity of steam weighing 
one pound, and at a temperature of 212^ F., is condensed in 100 lbs. of water 
at 60** F., what is the resulting temperature 7 Ana, 7i°'o6. 

3. If 2 lbs. of steam at 212** F. are passed into 30 lbs. of water at 
70** F., what is the temperature of the water at the end of the operation 7 
Ans, 139**2. 

4. In a jet condenser the temperature of the condensing water is 60* F., 
and that of the entering steam is 193** F. Also the condenser remains at a 
temperature of 120*. Under these conditions find the weight of condensing 
water per pound of steam which enters the condenser. Ans. 17*53 lbs. 

5. How many pounds of water at 50* F. must be mixed with i lb. of 
steam at atmospheric pressure to give a temperature of los"* F. to the 
mixture ? Ans, 19*5 lbs. 

6. If there pass at the same time into the condenser, and from thence into 
the hot-well, 2 tons of water at 55** F. and i *$ cwt. of steam at atmospheric 
pressure, what will be the resulting temperature 7 Ans, 95**6 F. 

7. Hot-well 105* F., injection 53*, and steam at atmospheric pressure. 
Required number of pounds of steam condensed by 4 cubic feet of the 
injection water. An$, 12*1 lbs. 

8. If there pass into the condenser at the same time 2 lbs. steam at 
atmospheric pressure and 50 lbs. water at 50*" F., find the temperature of 
hot-well. -4n*. 93***38F. j^ 

9. Using only 12 lbs. water per lb. of steam at 212* F., find the tem- 
perature of the hot-well when injection water is at 60* F. Ans, 146* F. 

10. From 1886 Steam Examination. Temperature of injection water 
60* F., temperature of hot-well 100*" F., latent heat of exhaust steam 1016 
Units, its temperature bein^ 140** F. : find the I'/Ounds of injection water 

required per pound of steam condensed. Awt. 26*4 lbs. 

11. What is the latent heat of steam at 2i2°F. expressed in foot-pounds 7 
If I lb. of steam at 212° F. is mixed with 10 lbs. of water at 60* F., find the 
resulting temperature. (S. and A. Exam., 1889.) Ans, 161° '6 F. 
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LECTCTRE X. 

Contents.— The Successive Effects produced by the Continuous Applica- 
tion of Heat to a piece of very cold Ice until Dissociation takes place 
— Definition of Wet, Dry, and Saturated Steam — The Boiling Point of 
a Liquid — Experiment of Water boiling at Pressures less than One 
Atmosphere— Use of Lai^e Air Pumps in connection with Condensers. 

We shall best understand the physical propeiiiies of steam by 
considering, in the first place, the several changes which take 
place in water — from its solid condition, ice, Until it becomes dis- 
sociated under the continuous application of heat. 

These figures are purely imaginary, and not to scale. 







ICE 



WATER 



SATURATED DRY 
STEAM 



SATURATED 
STEAM 



Referring to the figure, suppose that we put i lb. of very cold 
ice in the bottom of an open-mouthed cylinder, and place a piston 
on it, which, together with the pressure of the atmosphere, exerts 
a pressure of p lbs. on the square inch. 

Stage i.— On the application of heat to the bottom of the 
cylinder, the ice is gradually heated until it arrives at 32° F. 

Stage 2. — The temperature now remains constant until all the 
ice melts and becomes converted into water. The bulk of the 
water being less than that of the ice from which it is formed, the 
piston descends a very little. As we have already noticed in 
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Lecture YIII., 143 units of heat must be communicated to the 
I lb. of ice at 32' F. before it is all melted into water at 32* F. 

Stage 3. — Still applying heat, the water increases in tempe- 
rature while the bulk diminishes, until 39"* F. is reached (the 
maximum density point of water) ; thereafter, the volume gradu- 
ally increases, but in a very slight degree, with the rise in tem- 
perature, until a little above 212' F. is reached, the limiting tem- 
perature of the water depending on the pressure p lbs. on the 
square inch. Had the pressure on the piston been nothing more 
than that due to the normal pressure of the atmosphere — viz., 
147 lbs., corresponding to a barometric height of 29*9 inches, then 
the water would have been converted into steam at a temperature 

of 212* F. 

Stage 4. — The temperature remains stationary at that limit 
value, and the formation of steam commences, the piston rising as 
more and more of the water is evaporated. So long as any water 
remains at the bottom of the cylinder, we are producing what is 
called soOwra^^ steam, or wet steam. This is the condition of 
steam usually supplied to engines. 

DEFINITION.— Wet Steam or Saturated Steam is steam 
in contact wUh the water from which it is generated. Its ph3rsical 
condition is such, that it is ready on the smallest increase of 
pressure, or decrease of temperature, to yield up or condense some 
portion into water, as we shall see afterwards ; for a given pres- 
sure corresponds to one temperature and one volume. 

Stage 5. — ^When all the water in the bottom of the cylinder has 
been evaporated, and jiist when all the water or aqueous particles 
held in suspension with the steam have been converted into steam, 
we obtain dr^/ steam,, or what is sometimes termed dry saturated 
steam; then g66'6 units of heat must have passed into the 
contents of the cylinder, for, as we have already noticed, in 
Lecture YIIL, 966*6 units of heat must be communicated to the 
1 lb. of water before it is all converted into steam at 212* F. 

DEFINITION.— Dry Steam or Dry Saturated Steam is 
that condition of steaanjust at the time when all aqueous or UHxtery 
particles formerly held in suspension ho/ve been converted into 
steam. 

Stage 6. — If more heat be added to the dry steam in the cylinder 
(the total pressure, P, on the piston remaining the same), the 
temperature will again begin to increase, and we get what is 
termed superheated stecMn, The more it is heated, the more nearly 
doits properties approach to those of a perfect gas. If the top of 
the cylinder had been closed from the commencement of stage 3, 
the pressure would have risen with the temperature until the com- 
mencement of stage 6, in accordance with the boiling points 
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given below ; but during stage 6 we communicate more heat to 
the steam than its pressure would indicate by the tables. Super- 
heated steam is not now much used for engines, on account of its 
destructive action on the packing of the glands, and working sur- 
faces of the slide valve and cylinder. 

DEFINITION.— Superheated Steam m that condition of 
atecMn in which, in addition to being dry^ its temperature has been 
raised above that dv>e to the corresponding presswre of saturated 
steam. (See Pressure and Temperature Tables, Lecture XII.) 

Stage 7. — Steam cannot be heated indefinitely without a mol^ 
cular change taking place, termed dissocicUion^ when it separates 
into constituent gases — hydrogen and oxygen. This action is 
practically carried out in the process of making '' water gas," by 
blowing dry steam over very hot plates before carbonising it, ready 
for iUuminating purposes. 

Thus, the successive effects produced by the continuous applica- 
tion of heat to a piece of very cold ice are : — 
Heating ice up to 32* F. 

Melting ice, absorption of latent heat, 143 units per lb. 
Heating water up to boiling point. 

Formation of saturated steam, no increase of t^nperature. 
Formation of dry steam, due to the complete absorption of 

the latent heat, or 966*6 units per lb. of water. 
Superheated steam, increase of temperature above stage 3. 
Dissociation or formation of hydrogen and oxygen. 
Heating, no further alteration of the physical state. 
Boiling Point. — Before discussing the " Internal and External 
Work done during Evaporation," we shall digress a little to 
coiiisider what is meant by the boiling point. 

l^he boUing point of awy liquid is that point on the temperatwrs 
scale, when the tension throughout its mass just overcomes the sur- 
rouTidmg pressure. The temperature of the boiling point, there- 
fore, depends directly on the pressure under which the liquid is 
evaporated, and the greater the pressure the higher the tem- 
perature at which it boils. 

The boiling points of fresh water at different pressures are 
approximately as follows: — 

Under a pressure of i atmosphere . . . .123'* Fah. 



I. 

a. 
3- 

4. 
5. 

6. 

7. 

8. 



'5°: 

179' 
212" 
249** 

273' 
291" 
306*" 
319' 
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It is thus clear that water will boil or give off steam far below, as 
well as far above, its normal boiling point, 212" F. 

To illustrate this, take a glass flask half full of water with a 
thermometer in it, heat it over a spirit lamp or Bunsen burner 
until the water just begins to boil and the temperature, as re- 
gistered by the thermometer, is 212" E. Now attach it, as shown, 
to an air-pump, AP, by a flexible india-rubber tube, and begin ex- 
tracting the air. The water is observed to boil violently, although 
it may have cooled down to as low as 180° F. This plan of 
attaching it to the air-pump is much better than that of placing 
it under the glass-bell jar of the pump, as it permits the thermo- 
meter being easily seen after the moist steam has begun to rise. 




III! I'llMlllM 



If an air-pump be not at hand, the following simple experiment 
will illustrate the fact equally well to a class : — ^After heating the 
water in the flask to 212" F., and letting it boil freely for a minute 
to expel the air, cork it up quickly and tightly, leaving a ther- 
mometer inside. Now pour cold water on the outside of the flask, 
the water will at once begin to boil, although the temperature may 
be now below 200' F. It ceases to boil, however, if you stop 
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cooling it. Why ] Because the tension of the vapour generated 
equals that of the natural tension of the water ; but condense this 
vapour by a second application of cold water, and again it begins 
to boil, even with the temperature below i8o**F. A knowledge of 
these facts is most important to the engineer, for it shows him that 
in the condensers of large engines, he must provide air-pumps of 
sufficient capacity to carry off the steam vapour generated at even 
low temperatures. It was but recently that an acquaintance of 
the author's, overlooking this point, put in a set of very small air- 




pumps to a pair of marine engines which he was constructing, 
under the impression that all that was necessary was to lift the 
condensed water, and that marine engineers generally, were put- 
ting on air-pumps out of all proportion to the work to be done ! 
He soon discovered his mistake, for, on the day of the trial trip, he 
could not keep up a vacuum above a few inches. In addition 
to the steam vapour which is generated at pressures below the 
atmospheric pressure, any air which may have come over with the 
steam at once expands on a reduction of pressure, and has to be 
sucked away at every stroke, otherwise it will spoil the vacuum. 

The experiment of raising the boiling point by raising the 
pressure is easily done'. Procure a flask, as in the former experi- 
ment, with a tight-fitting stop cock. Half fill the flask with water, 
heat it with the cock open until the water boils and all the air has 
been expelled, then shut the stop cock. The steam now generated 
rises in pressure and temperatiu-e. The increasing pressure raises 
the boiling point and thus stops the violent ebullition, unless heat 
is applied very rapidly. Allow the temperature to rise, say to 
240 ^^ F., then slightly open the cock, ebullition is at once observed, 
although the pressure is equal to two atmospheres above a perfect 
vacuum. The presence of salt or diii in water raises the boiling 
point for any particular pressure. 
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Lbotube X—QuasTiOHB. 

1. Describe in your own words the seyeral effects which take place in 
succession on applying heat to a lamp of ice enclosed in a cylinder. 

2. Distinguish between (i) wet or saturated steam, (2) dry or dry satu- 
rated steam, (3) superheated steam. 

3. How many units of heat are absorbed in conyerting i lb. of water at 
212* F. into I lb. of d/ry ioturaUd tteam f Suppose the i lb. of water were 
only converted into wet or Mturated tteam, what then 7 Why 7 

4. What is meant by the Boiling PoiiU of a liquid 7 State the ordinary 
boiling point of freshwater open to the atmosphere, also when subjected to 
pressures of 30, 45, and 60 lbs. respectively. 

5. Sketch and describe how you would illustrate that water can be 
mayde to boil below as well as above 21a* F. 



Digitized by VjOOQ IC 



( 78 ) 



LECTCJRB Xa. 

Contents.— Work Done dnring the Conversion of Water into Dnr Steam- 
Definitions of Internal and External Work — EfSciency of Steam — 
Efficiency of High Pressure Steam — (General Expressions for External 
and Internal Work during Evaporation— Example L— Heat Rejected 
to Condenser — Example II.— Partial Evaporation — ^Example HI. — 
Generation of Steam in a Closed Vessel — Questions. 

Work Done during the Conversion of Water into Dry 
Steam. — We can now give a more definite aooount of the distri- 
bution of heat expended during the conversion of water into 
steam, and thus prepare the way for a more thorough under- 
standing of the economical use of steam in a steam engine. 
An ordinary steam engine consists essentially of — 

1. A boiler wherein the steam at a given pressure is generated 
from water at a given temperature. 

2. A cylinder containing a movable, steam-tight piston, on 
which the steam acts and does useful work. 

3. Frequently, another part, called the eandenser^ is added. 
The fxmction of tbe condenser is exactly the opposite of that of 
the boiler. For in it, the steam is converted back again into 
water after passing through the working cylinder. Engines 
having only the first two essential parts are called non-iiandensing, ^ 
whilst those consisting of the three parts are called condensing 
engines. These three organs are usually quite distinct and 
separate from each other, the connections being made by pipes, 
valves, <bc. For our present purposes it will be best to leave out 
of account all connections such as pipes and valves. We shall 
therefore suppose the boiler, working cylinder and condenser to 
be one and the same vessel. Also, we shall neglect all losses of 
heat, such as that due to radiation, conduction, &c. Further, we 
shall, in the meantime, consider the case of i lb. of water at an 
initial temperature of 32* F., raised into dry steam at 212* F. 
The pressure of the steam is, therefore, that due to atmospheric 
pressure — ^viz., about 14* 7 lbs. per square inch. 

Take a cylindrical vessel fitted with a weightless, frictionlesa, 
and steam-tight piston, and place between the piston and the 
bottom of the vessel i lb. of water at 32° F. The cylinder being 

Digitized by VjOOQIC 



WORK DONE IN CONVERTING WATER INTO DRY STEAM. 79 



open at the top the pressure on the piston will be constantly that 
due to the atmosphere. For convenience, suppose the cross 



m 




Illustrating External Work donb during Evaporation of 
I lb. op Water from and at 212° F. 

sectional area of the cyliDder to be one squa/rtfoot (or 144 square 
inches). Then, 

Total preaswre on j>wton=»P=» 144X 147=: 2x16-8 lbs. 
Since 62*5 lbs. of fresh water occupy a volume of i cubic foot, 

.•. lib. „ „ occupies „ 7— = '0x6 cub. ft. 

The cross area of the cylinder being i square foot, it follows 
that the under surface of the piston will be '016 foot above the 
base of the vessel. 

By applying heat to the bottom of the vessel the temperature 
of the water will be ultimately raised to 212° F. The heat 
expended in this operation is (212 -32) =180 B. T. XJ. Now, 
the volume of the i lb. of water at the end of this operation is 
slightly greater than '016 cubic foot, as shown by the graphic 
figure on page 67. The piston has, therefore, been raised by a 
small amount, and consequently work has been done in over- 
coming the atmospheric resistance. We thus see that rather less 
than 180 B. T. U. are employed in increasing the molecular 
kinetic energy of the water. This increase in the volume of the 
water between 32° F. and 212° F. is so small (being only 
•016 X '043 = '000688 cubic foot (see Fig. page 67)* that it may 

* The volume at 32° F. of a certain quantity of water is (as shown by 
the figure and text at page 67) =1*000127, and at 212** F. = 1043. The 
difference is practically = •043. Consequently if a certain weight of water 
occupies about unit volume at 32** F. and increases by '043 unit when its 
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safely be neglected. The piston therefore remains almost station- 
ary between these two temperatures. 

Continuing the application of heat to the water at 212* F., the 
water becomes evaporated and the piston rises rapidly, whilst the 
temperature remains constant. Suppose the source of heat to be 
withdrawn just when the last particle of the i lb. of water has 
been converted into dry steiun. Then we know that 966*6 
B. T. U. have been spent in bringing about this change. The 
piston will now be at a considerable height above the base of the 
vessel, and, consequently, a certain fraction of the kUent heat will 
have been employed in doing work against atmospheric pressure. 
Bef erring to column 5 of the *' Table of the Properties of &iturated 
Steam'' on page 107, we notice that i lb. of dry steam at 
atmospheric pressure (temperature 212° F.) occupies a volume of 
26*36 cubic feet. Hence the piston will now stand at a height of 
26*36 feet above the base of the vessel. The vertical displace- 
ment of the piston is, therefore, 26*36 — •016 = 26-35 feet ap- 
proximately. 

••• Work done iri raising piston « 2,1 16*8 x 26*35 ^*« 1^- 
» « »> " SS>777'68 „ 

Or, expressed in heat units „ = ^^4H — = ^2*25 B.T.U. 

Thu.', of the 966*6 B. T. XJ. of latent heat, 7225 B. T. U. are 
employed in doing mechanical work external to the substance 
(water) which is undergoing a change of state; while the re- 
mainder (894-35 B. T. XJ.) is spent in bringing about internal 
changes. 

DEFINITION. — The energy spent in bringing about internal 
or moUmla/r changes in a substwnce is caUed Internal Work, a/nd 
that spent on bodies external to the suhsta/nce is called External 
Work. 

The student must carefully distinguish between internal and 
external work. The former represents energy in the substance 
itself, whether in the form of molecular kinetic energy or thdt 
due to change of state; the latter represents energy which has 
passed out of the substance to external bodies. 

temperature is raised to 212* F., what will be the Increase in volame of 
*oi6 cubic foot of water under the same circumstances 7 

I : -016 : : '043 : a?. 

^ •016 X '043 ,00 

Or, aj = ^=^ = -000688. 
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The distribution of heat in converting i lb. of water at 32° F. 
into dry steam at 212° F., may be briefly stated thus — 

1. Ecnsing temp, of water from 32* F,to 212* F, = 180*00 B.T.U. 

2. Internal work during evaporation . . = 894*35 ,, 

3. JSxtemal work d/uHng evaporation • • •- 72*25 ,, 



Total Heat Expended • . = 1146*6 B.T.U. 

These numbers are in the proportion — 180 : 894*35 : 72*25. 
Or, dividing by the smallest number, 72*25, the proportion is 
2'5 : 12*38 : I. We shall make use of the terms of this propor- 
tion in setting out the diagrams of work in the case under 
consideration. 

The student knows from his study of mechanics that mechanical 
work can be completely represented by an area or *^ diagram 
of work" When the effort or pressure is constant throughout 
the displacement (as in the case of the rising piston just referred 
to), tihe diagram* of work is a rectangle, whose height represents 
the constant pressure, and base the given displacement. If the 
pressure varies during the displacement (as in the case of steam 
or gas expanding behind the working piston of an eogine), the 
diagram of work will not be a rectangle, but a figure bounded by 
straight and curved lines. In this case, the mean height of the 
figure is a measure of the m>ea^ pressure exerted during the total 
displacement, and the length of the figure as before represents 
the total displacement.* 

Now, heat and work being mutually convertible, it follows that 
quantities of heat may just as conveniently be represented by 
areas as quantities of mechanical work. These quantities, how- 
ever, differ in this respect. In the former there is nothing 
corresponding to the two factors, effort or pressure and displace- 
ment, as in the case of the latter. Hence the diagram for a 
quantity of heat may be any shape we please, so long as it 
contains as many units of area as there are units of heat to be 
represented. It is, however, convenient for our present purposes 
to represent quantities of heat by rectangular areas, and LP we 
first draw an ordinary diagram for the external work done during 
evaporation, we may then construct the internal work diagrams 
on the same base, the heights of which need only be drawn in the 

* For further information and examples on the subject of graphical 
representation of work done by constant and by variable forces, see 
Lectures I. and II. of the Author's "Manual on Applied Mechanics.'' 
See also Lectures XII., XIII,, XVI., and XVII., of the present work for 
theoretical and actual indicator diagrams of work. 

o 
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Diagram for external worH\ 
> . done during evaporation.^ 



I 



I 

I 
I 
I 



Diagram for 
internal work 
done during 
euaporation. 



proportions stated above. This should be clearly understood 
from what follows. 

*We have seen that the expression for the external work is the 
product of the two factors — viz., presstM'e^ 2 ii6'S lbs., and 
displacement ==26';^^ feet. 

Or, ExUnml work= 2116'^ x 26*35 = 55,77768 ft. Ibe. 

Draw two lines O P, V at right 
angles to each other. Along O P 
set off O A, to any convenient scale, 
to represent the pressure of 2ii6'8 
lbs. ; and along O V set off O B, to 
any convenient scale, to represent 
the displacement of 26*36 ft. Com- 
plete the rectangle O A B. Then 
O A C B is the diagram representing 
the exteimcU work done during the 
evaporation of i lb. of water from 
and at 212° F. For its area is 
equal to O A x OB, which is thus 
proportional to 2116*8 x 2636, or 
55,777*68, the number expressing 
the ft.-lbs. of external work done. 

Now, we have seen that the inter- 
ncU work done during evaporation 
is 12*38 times the external work. 
Therefore, produce P O downwards, 
and cut off a part O D = 1 2 '38 x O A, 
and complete the rectangle O B E D. 
Then the area, O B E D, represents 
to the same scale as in the previous 
case, the internal work done during ' 
the evaporation of the water. 

Similarly, on O D produced, cut 
off D F= 2*5 X A, and complete 
the rectangle D E G F. Then the 
firen, D E G F, represents the work done in raising the temper- 
ature of the water from 32° F. to 212° F. 

Efficiency of Steam. — By returning the whole of the steam to 
its initial conditions — viz., water at 32° F., with the piston '016 
feet above the base of the cylinder, and repeating the above cycle 
.of operations (heating, evaporating, condensing and cooling) over 
and over again, the piston will have a vertical reciprocating 
motion corresponding to that of an ordinary steam-engine. The 
maximum external work done during each cycle will be repre- 
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sented by the small rectangular area A B, while the total 
heat expended will be represented by the much larger area, 
A G F. From this we can deduce the expression for the 
efficiency of a non-expansive engine using steam at atmospheric 
pressure from feed water at 32° F.* Thus — 

_^ . Heat converted into useftil work. 
Efficiency = Total heat expended. 

72-^5 



•063, or, 6-3 % 



»» " 1146-6 

Hence, under circumstances more favom'able than any occurring 
in practice, we see what a small percentage of the total heat 
expended can be usefully employed in the engine. 

The efficiency just found is usually called the Steam Efficiency, 
to distinguish it from the efficiencies of the boiler and the 
mechanism of the engine. The prodtict of the efficiencies of the 
boiler and the engine constitutes the efficiency of the whole 
combination. 

By using feed water at a higher temperature than 32° F., the 
total heat expended per i lb. of water evaporated would be less 
than that found above, and, consequently, the steam efficiency 
would be slightly higher, l^us, in jet-condensing engines, the 
feed water has a temperature corresponding to that of the hot 
well; which, in the average, is about 110° F. Hence, taking 
steam at atmospheric pressure (as before) raised from feed water 
at 110° F., we may calculate the steam efficiency as follows : — 

Total heat expended = Inoreaee of Sensible heat + Latent JieaU 
(2i2-iio) + 966-6=io68-6 B.T.U. 



)» 



Eoctemal work done = 72*25 B.T.U. (same as before). 
••• Steam Efficiency « 7^!^ =* -0676, or, 6 76%. 

This gives an increase of '46 % over the first case. 

Efficiency of High Pressure Steam. — Suppose we load the 
piston of the tall cylindrical vessel to such an extent that the pressure 
produced on the surface of the i lb. of water is, say, 100 lbs. per 
square inch absolute. From what has been already said, we 
know that steam will not begin to be formed (i.e., the water will 
not boil) until the temperature is considerably higher than 212° F. 
The exact temperature at which evaporation commences can be 
found from the Table on page 107. Referring to this Table we 
see in columns i and 2 that the boiling point of water subjected 

♦ For the more advanced problem of finding the efficiency of an expan- 
sive engine, see the Author's Text-l»ook on " Steam and Steam Engines ; " 
also Frof. Cotterill's book, " The Steam Engine as a Heat Engine." 
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to a pressure of loo lbs. per square inch is 327*9° F., say, 328° F. 
To make the problem before us more practical, suppose the 
initial temperature of the i lb. of water to be i lo* F. 

Applying heat to the bottom of the vessel the temperature of 
the water rises to 328' F., at which point it remains fixed until 
evaporation is complete. During evaporation the piston ascends 
as before, but not to the same height. Beferring again to the 
Table on page 107, we notice, in column 5, that the volume of i lb. 
of dry steam at a pressure of 100 lbs. per square inch is 4-33 
cubic feet. Hence, after complete evaporation, the piston will be 
at a height of 4*33 feet above the base of the vessel. The total 
pressure on the piston is Ps= 144 x 100 lbs. 

.•. External work done ) , v , . /c\ r^. iu« 

during evaporation ) = (i44 x loo) x (4-33 -016) ft. lbs. 

„ „ •= 62,121-6 ft. lbs. 

Or, „ „ ^^.^jHi:^.sO-4.1B.'r.TJ. 

/7T . I T - J , (Increase of Sensible heat + 

Total heat eoy>ended .=j latent hmt. 

Increase of Sensible heat = 328-110=218 B.T.XJ. 
'^T^.^Ri^r:,! = 966-6-7(3.8-,x,) = 885-4B.T.TJ. 
.% Total Heat Expended = 218 + 8854 = 1103*4 B.T.XJ. 

8o'47 

steam Efflcienoy = ^ = -0725, or, 7'25 % 

1 103 4 

Comparing these results with the corresponding ones for steam 
at atmospheric pressure, we notice that the external work in this 
case is only 8' 2 2 6. T. U. more than in the former case. This 
corresponds to an increase of about 10 % . The increase in the 
steam efficiency, however, is but 7*25 - 676, or -49 % . 

The student may therefore naturally ask, wherein lies the advan- 
tage of using high pressure steam? In answer to this question, we 
should first of all remind him that the engine under consideration 
is a non-ea^naive one. That is, the steam acts on the piston 
with its full pressure throughout the whole stroke. Consequently, 
high pressure steam would not be adopted except as a means of 
increasing the power of such an engine without increasing its 
size. For, the use of high pressure necessitates the employment 
of stronger boilers and cylinders, as well as greater accuracy in 
construction. It is only where steam is used expansively that 
high pressures can be economically and efficiently adopted.* 

* The advantages of using steam ezpanslYely will be quite apparent after 
studying Lectures XII. and XIII. 
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In drawing the above comparison between the performances of 
the two engines (the one using low-pressure and the other high- 
pressure steam) we have taken equal weights of steam. The 
results of the comparison would, however, be very different if we 
had taken equal voltMnes, Thus, it is quite clear that steam at 
IOC lbs. pressure, when used non-expansively in a cylinder of 
given volume, would perform ^^^^6'6 times more work than 
steam at atmospheric pressure under like circumstances in the 
same cylinder. But, then, the weights of steam used in the two 
cases would be very nearly in the proportion 6*6 : i, and the fuel 
consumed would be in the same proportion. Now, the object of 
the engineer is to obtain the greatest amount of work for the least 
possible consumption of fuel, and, consequently, the comparison 
between the performances of two engines should be made with 
respect to the weights of steam used for a given amount of work 
pei^ormed. Nevertheless, it is sometimes necessary to know the 
work done per cubic foot of steam used. This may be obtained 
by dividing the work done per lb. of steam by the volume of i lb. 
of steam at the given pressure. Thus — 
Work done per cub, ft. of] External work du ring evaporation. 
steam at atmos, pressure, ) * Volume of i lb, of steam. 

General Expressions for External and Internal Work 
during Evaporation. — We shall now express the preceding 
results in general terms — 
Let t^ => Temperature of steam. 
,y t^ = Temperature of feed water. 

L = Latent heat at temperature ^. 
„ p — Pressure of steam in lbs. per square inch. 
„ V, = Volume in cub. ft. of i lb. of dry steam at pressure p,* 
„ Y^= ,) „ ,» water s= '01 6 cub, ft. 

Supposing the steam to be dry, then, we have — 

I. Total heat expended = {'^a'JeL'lMr*\>&« Lecture IX.) 

„ » =(<i-0 + L. 

= {t-Q + 966-6 -7 (*r; 212) B.T.U. 
„ „ = 1115 + St, - «, B.T.XJ.t 

* The volume of i lb. of dry steam at a given pressure is sometimes 
called the Specific Volume of steam at that pressure. We find, however, 
that students often make the mistake of confounding the term JSj[>ecific 
Volume with that of ** Relative Volume of Equal Weights of Steam and 
Water," and, therefore, we prefer not to use the former term. 

f Instead of remembering this final result, students should deduce it, 
when required, from definition as stated in italics above. 
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2. External work done \ _. (Pressure per sgr. ft. x Increase of 
during evaporation j [volume during evaporation, 

= 144i)(V.-V«,)ft.lbs. 
Or -lM.JPJZ.j1V5) 

= 966-6 - -7 («. - 212) - ^^^7^2 ^""^ ^-T'^- 

The value of V^, in the expression for external work is so 
small compared with that of V, for all ordinary pressures, that 
we may safely neglect it in most calculations. 

EXAMPLE I. — How many ft.-lbs. of work are done in convert- 
ing I lb. of water from a temperature of 100* F. into dry steam at 
281° F. (corresponding to an absolute pressure of 50 lbs. per 
square inch) ? The volume of i lb. of dry steam at that tempera- 
ture and pressure being 8*31 cubic feet; find external and internal 
work done during formation of steam, and weight of steam used 
per hour per horse power. 

ANSWER. — Here, «, = 28i°F., «,= ioo'*F., ;? = 5o lbs. per 
square inch, V, = 8*3i cubic feet. 

L^alkeat emended = ( i^'^t^J"^"^ **^ 

Increase of sensible heat = 281 - 100= 181 B.T.U. 

Latent heat = g66*6- 7 (281 -2i2)=9i8-3 B.T.U. 

Total heat expended = 181 +918-3= 1099'3 B.T.U. 

„ „ = 10993 X 772 « 848,669*6 ft, lbs. 

2. External work done) = jaadY 
during evaporation J 441' v,. 

„ „ = 144x50x8-31=59,882 ft. lbs. 

3. Internal work done) _ {Latent heat of evaporation 
during evaporation j 1 - External work, 

M = 918-3 X 772 - 59,832 ft. lb& 

= 649,096-6 ft. lbs. 

4. Let a; = Weight of steam used per hour per horse power. 

External work done per i lb. of steam formed =59,832 ft. lbs. 
„ „ ajlbs. „ „ = 59,832 aj ft. lbs. 

Now, I horse-power corresponds to 33,cxx) x 60= 1,980,000 ft. lbs. per hour. 
.*. By the conditions of the question — 
59,832*= 1,980,000 

1,980,000 ^^,, 
Or, «=— jP^=831b8. 

Heat Bejeoted to Condenser. — In the preceding examples 
it has been tacitly assumed that during the return motion of the 
piston within the cylinder, the condensation of the steam was 
effected under zero pressure — 1.«., condensation was so perfect that 
no back preaswre was felt on the under surface of the piston. The 
piston, therefore, returned unloaded. The whole of the external 
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pressure varies from 2 to 5 
engines, to 15 or 18 lbs. 
engines. A perfect vacuum 
water at all temperatures 



work done during the upward motion of the piston was, therefore, 
available for useful purposes. Had the cordensfition been in- 
complete, part of the work would have been employed in 
returning the piston against the back pressure due to the im- 
perfect vacuum. Such perfect conditions as we have hitherto 
assumed cannot be attained in practice. Cordensation is always 
more or less imperfect, and consequently we find that the back 

lbs. per square inch in condensing 
per square inch in non-condensing 
cannot be attained in practice ; for, 
gives off vapours which naturally 
exerts a certain pressure. Thus, at a temperature of about 80° F. 
water vapour exerts a pressure of about '5 lb. per square inch, 
and at a temperature of 102° F. the vapour pressure is i lb. per 
square inch. 

The subject presently before us is to determine the amount of 
heat rejected to the condensing water per lb. of steam passing 
through the engine. This, as may be inferred from the above 
remarks, depends upon the conditions under which condensation 
takes place. Consideration of the following three cases will give 
the stud'ent a clear idea of the distribution of heat in an ordinary 
steam engine : — 

FIRST CASE. — Suppose condenscUion to take place wader the 
same pressure as the evaporation. 

Let p = Pressure of steam in lbs. 
per square inch absolute. 

„ V,= Volume of i lb. of dry 
steam at pressure p, 

„ Q = Total heat expended per lb. 
from feed water temper- 
ature to steam at pres- 
sure p, 

„ R = Rejected heat to conden- 
ser. 

As before, let the i lb. of water 
be heated under the movable piston 
of a tall cylindrical vessel whose 

cross sectional area is one square External Work Donb dur- 
foot. For our present purposes, how- 
ever, it is best to neglect the atmo- 
spheric pressure on the upper surface 
of the piston, and to suppose the 

necessary pressure to be caused by a weight placed on the piston. 
The magnitude of this weight will be, P= 144 jo lbs. ^ , 

_. edbyLjOOgle 




iNQ Condensation op 
Steam under the same 
Pressure as the Evapo- 
ration TOOK PLACE. 



88 LECTURE xa. 

After the water is completely evaporated, the piston will be at 
a height of V, feet above the Iwise of the vessel, and — 

The external work done during evaporation TY^ ft. lbs. 

ft 99 99 i» ■= "ZZJ B.T.XJ. 

Suppose we now convert the tall cylinder into a condenser by 
surrounding it with cold water. The weight P, still remaining 
on the piston, condensation will take place under the same con- 
ditions that evaporation took place — viz., under a pressure of p lbs. 
per square inch. Let the final temperature of the condensed 
steam be the same as the initial temperature of the water. Then, 
during condensation, the heat rejected to the condensing water is 
clearly equal to the total heat expended, or Q units. For the 
heat rejected is derived from the following sources : 

1. That heat which is derived from the work done by the 
descending piston. Neglecting the very small volume V^ of 
X lb. of water, we see that the work thus converted into heat is 

P.Y» 

B.T.XJ., which passes through the steam into the con- 
densing water. 

2. The heat formerly spent on internal work during evaporation 
is now yielded up to the condensing water. 

3. The sensible heat given out during the cooling of the water 
to its initial temperature. 

Hence, in a cycle of operations of this kind, no available 
external work is done. The external work done during the 
ascent of the piston is undone, or has to be restored during its 
descent, thus leaving no work available for useful purposes. 

The results of this case may be stated thus : 

ffeat Rejected to Condenser = Total Heat JSapended. 
Or, R = Q. 

SECOND CASE. — Suppose condensation to take place wnder 
zero presswre. • 

This corresponds to those cases previously considered, and also 
to the case of an engine whose condenser gives a perfect vacuum, 
or no back pressure. 

To understand this case, suppose at the instant the condenser is 
applied to the cylinder full of dry steam that the weight P is lifted 
off the piston. Then, clearly, no eoctem>ail work mil be done by 

Digitized by VjOOQIC 



CONDENSATION OF STEAM. 



89 



the descending piston during the condensation of the steam. 
Hence, in this case — 



TT ^ ' ^ J ± n J { Total Heat Expended 

Heat rejected to Condenser = j ^ w * 1 w h 

Or, R = Q- 



I 
■772 





f 






Condensation op Steam at 
Zero Pressure. 



Condensation of Steam undek 
A Back Pressure op ^^ lbs. 

PER SQUARE INCH. 

THIRD CASE. — Suppose condensation to take pkuse under a 
pressure of Pf^ lbs. per square inch absolute. 

This corresponds to those cases occurring in practice, where p^ 
is the hack pressure on the piston due to the pressure of the 
vapour in the condenser. 

At the instant when condensation is about to take place, 
imagine the weight P to be lifted off the piston and another but 
smaller weight (P6= 144 i>6 lbs.) to be put in its place. Then, 
during condensation, the piston descends under the load P^ lbs., 
and the work done during the descent is converted into heat, 
which passes away to the condensing water. The heat rejected to 
the condenser is therefore greater in this than in the former case 

P V 
by the amount P^V, ft.-lbs., or -^ B.T.U. 

.-. R-Q-^^-^' + ^^^' B.T.U. 

772 772 



i.e. R = Q- 



(P-P^)V, 

772 



B.T.U. 



Or, since P = 144 jt?, and P^ = 

R = Q-^^(» 

^ 772 ^^ 



144 Ph, 

p,) V, B.T.U. 
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The foregoing results conld have been obtained at once from 
the Princij^e of the Conservation of Energy^ thus — 

m^4.«i 1,^.4. ^.^^^^A^^ (Heat converted into nseftil work 
Total heat expended = | ^^^eat rejected to condenser. 

But, Total heat expended s Q units. 

Beat converted intouiefid work = ^^~^^^^* =^ {p-Pb) V, nnita. 
Hetxt rejected to condenser = R units. 

Q = ^ {P'Ph) V.+R (heat units). 

As akeady explained, the back pressure in condensing engines 
varies from 2 lbs. to 5 lbs. per square inch. In non- condensing 
engines the steam, after performing work in the cylinder, 
exhausts into the atmosphere, and the back pressure can there- 
fore never be less than the atmospheric pressure, in fact it varies 
from 15 to 18 lbs. per square inch. In this case the atmosphere 
is the condenser, but the whole of the heat rejected to it is lost. 
The advantages of a good condenser are thus apparent. For, in 
addition to the reduction of the back pressure^ part of the heat 
rejected to it is employed in raising the temperature of the feed 
water. 

EXAMPLE II. — A non-expansive condensing steam engine is 
supplied with steam at a pressure of 45 lbs. per square inch by 
gauge. The vacuum gauge indicates a pressure of 2 lbs. per 
square inch in the condenser. Find (i) the amount of heat 
rejected to the condenser per lb. of steam used ; (2) the steam 
efficiency ; and (3) the weight of water used per hour per effective 
horse-power. Let the temperature of feed water = loo** F. 

ANSWER. — ^The absolute pressure of the above steam is 
4^ -f 15 = 60 lbs. per square inch. Befening to the tables on 
p. 85, we find the temperature of steam at 60 lbs. absolute to be 
292-7'* F., say, 293* F. ; and the volume of x lb. of dry steam at 
the same pressure is V, = 7 cubic feet. 

To^ ^at^j^^ed}^ =imTea*e ofSensibU heat+ Latent heat. 

Or, Q=(293 - ioo)+966-6- 7 (293 - 212) B.T.U. 

„ = 1 103 B. T. U. (very nearly). 
Beat converted into UsefulX __ 144 /^ ^\\r 
Work per Ih. of steam J " 77i ^ "^*^ ^»- 

=i^(6o-2)x7=7575B.T.U. 
772 

Now, Q=l^(|,-|„)V.+R, 

772 
11= 1103 - 757S=1027'25 B.T.IT. 

Steam Efficienoy =7575 =-0687, or, 6-87%. 
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Let res weight of water used per hour per effective h.p. 

'**°' ""^tT^J^] ='44 (i.-p.) V.+«a lbs. 

„ „ = 144 (60 - 2) X 7 +05= 58,464 X ft. lbs. 

But, I Horae^wtr =33,000 x 60= 1,980,000 ft, lbs. per hour. 

a^='-#^ = 34-4Ib«. 
58,464 

Partial Evaporation. — Up till now, our calculatioDS, <feG., have 
been based on the assumption that the steam when formed 
contained no suspended moisture. In other words, the steam was 
assumed to be perfectly d/ry. The steam supplied to an engine 
from an ordinary boiler is seldom in this condition, for it is always 
more or less saturated with watery particles. Even if the steam 
be dry on leaving the boiler, it may enter the working cylinder in 
a very moist condition, due to loss of heat from various causes in 
its passage from the former to the latter. Again, large quantities 
of water sometimes pass along with the steam from the boiler to 
the cylinder, and go through the engine without yielding any 
return for the heat spent in raising its temperature to that of the 
accompanying steam. Such large quantities of water are called 
priming^ in distinction to the smaller quantities which are 
mingled with the steam in the form of a fine spray and which 
we have termed suspended moisture. Priming is generally the 
result of either too small a steam space in the boiler or too rapid 
ebullition, or impurities in the water, or a combination of these 
defects. It may cause a great deal of trouble to the engineer in 
charge, and when excessive, it may result in a fractured cylinder- 
cover or necessitate the stoppage of the engine. 

At present we are, however, not concerned with the effects of 
priming, and shall consequently confine our remarks to cases of 
partial evaporation in which the steam contains moisture held in 
suspension. 

Take the case of i lb. of water at 212* F. converted into wef 
steam at the same temperature. Suppose the steam contains 10 
per cent, of suspended moisture. Then only 90 per cent., or '9 lb. 
of the water will be in the form of dry steam. Hence, instead of 
spending the 966*6 B.T.XJ. of latent heat, we only require -9 x 
966*6 = 869*94 B.T.XJ. to bring about this result. The fraction, *9, 
is called the dryness frcustion of the steam. If the i lb. of water 
bad had an initial temperature less than 212** F., say, 100° F., 
then, the total heat expended would havebeen (212 - 100) + '9 x 
gee-e = 981 04 B.T.U. Generally- 
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Let Q= Total heat expended per lb. ottoet steam at temperatnre 
t° from water at temperature t^°. ■ 
„ L= Latent heat per lb. of dry steam. 
„ a; = Dryness fraction, or dry steam in i lb. of wet steam. 
Then, Q = Increase of sensible heat + latent heat. 

But, Increase of sensible heat = *i - *, heat units, 

And, Latent heat per lb of ) ^^ ^ j^^ „^^ 

wet sUam formed \ 
Therefore, Q = (t, - tj + « L heat units. 

We have now to show how the external work done during the 
formation of uoet steam is found. 

Let V, = Volume of i lb. of dry steam at pressure p lbs. per square inch. 
Vw, = Volume of i lb. of wet steam at same pressure. 
V«, = Volume of i lb. of water = '016 cub. ft. 
X = Dryness fraction (as before). 
Then, V«* =(wZ. of dry steams vol of water) in I lb. of the mixture. 

„ =ajV,+ (V«-a:V^), 
Or, V^M = xVs+[l-x)Vu>\ 

Supposing, then, the piston of the cylinder to be one square 
foot in area, we get — 

Displacement of piston = Yws - V«, ft. 

.'. External work per lb.1 =t.. «(v^-v ) 
of wet steam formed. I "'^^P (v*. v ; 

,. „ = 144 P «(V« - V„ ) work units. 

Unless for very high pressures, V^ is very small compared with 
V»„ and may, therefore, be neglected in the above formulae. 

EXAMPLE III.— A boiler supplies steam at a pressure of 
90 lbs. absolute, which contains 10 per cent of suspended moisture. 
The temperature of the feed water is 100** F. Find (i) volume 
per lb. of wet steam thus formed ; (2) the external and internal 
work during evaporation ; and (3) the total heat expended per lb. 
of steam used. 

ANSWER. — Here, p = 90 lbs. abs., and temperature corre- 
sponding to this pressure is 

«,= 320-F.; t.= ioo»F.; «:= i^£l-°=-9. 

Volume of i lb. of dry steam at pressure piaYs = 4*79 cub. ft. 
From above formulae, we get — 
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1. Volume of 1 lb. of wet) _v _„ ^ v ^a.v 

steam. j "" ^••-^ vv«- v«;+v», 

= 9 (479-oi6)+oi6=4-812 cub. It. 

2. External work done) ,^,^/v \r \ 

per lb. of wet steam J - '44i> cv«, - v»), 

= 144 X 90 (4'3i2 - -016) ft. lbs. 
=: 66,728 ft. lbs. 

Or, „ „ = ^y/^ =72*2 B.T.U. approximaidy, 

3. Internal work done) fXa^nt heat per Jb, of wet eUam- 

during evaporation. J (external work, 

.«L_i44Z(^zZ-)heatnnite. 

„ ='9x {9666-7(32o-2i2)}-72-2B.T.U. 

=801-9- 72-2=729*7 B.T.U. 

_ (Increase of sensible healt 
'" \ + latent heait, 

= («,-«2+a?L. 

ft If =(320- 100) +8019=1022 B.T.U. 

approxmaitdy. 

Generation of Steam in a Closed Vessel. — Having thus 
considered the whole process of the generation of steam under 
constant pressure, we shall now explain, briefly, the differences 
between those cases and the generation of steam in a closed vessel. 
This will be of interest to the student since it corresponds to the 
case of getting up steam in a boiler. 

Suppose that we have i lb. of water at a given temperature 
enclosed in a vessel of large capacity. Suppose, further, that the 
only pressure on the su^ace of the water is that due to the 
pressure of its own vapour. 

By applying heat to the bottom of the vessel, the temperature 
of the water rises as before, steam is generated and its pressure 
increases with its temperature. In previous cases, where the water 
was heated and evaporated under a loaded piston, no evaporation 
took place until the natural tension within the mass of water was 
sufficiently great to overcome the superincumbent pressure. In 
the present case, however, the surrounding pressure is always in 
equilibrium with the tension within the mass of water, and, con- 
sequently, evaporation goes on uninterrupted. 

Suppose the capacity of the vessel to be 26*36 cubic feet (the 
volume occupied by i lb. of dry steam at atmospheric pressure). 
Then, when the temperature of the mass has risen to 212"*^., tho 
whole of the water will be converted into dry steam, and its 
pressure will be 147 lbs. per square inch absolute. Further 
application of heat causes superheating of the steam. Similarly, 
if the vessel had a capacity of 7 cubic feet (the volume occupied 
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by I lb. of dry steam at a pressure of 60 lbs. per square inch 
absolute), then complete evaporation would not occur until the 
temperature was 293° F., and the pressure of the i lb. of dry steam 
thus formed would be 60 lbs. per square inch absolute. 

In getting up steam in an ordinary boiler, the pressure on the 
surface of the water at the commencement is usually equal to that 
of the atmosphere. On applying heat the temperature will rise, 
evaporation, or generation of steam, will not commence at once, 
but will be delayed until the temperature has risen to 212^ F. after 
which the evaporation will proceed as described above. 

We have seen that during evaporation under constant pressure, 
a fraction of the total heat expended is transformed into external 
work. But, by the nature of the present case, no such external 
work can be done, and this constitutes the essential difference 
between the two modes of forming steam. Now, it is quite 
impossible to conceive of any difference in the internal energy of 
I lb. of dry steam formed according to either method, so long as 
the pressures are equal. Hence we conclude, that the toted heat 
expended in evaporating water in a closed vessel is less, by the 
amount due to external work, thom thcU spent in producing the same 
final result by evaporating under a constant pressure. 

It is true that diunng evaporation of the water in the closed 
vessel, work is being continually spent in compressing the steam 
already formed ; this work, however, is done vnOdn the mass itself, 
and is but part of the internal work. 
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QUBSTION& 

1. How many foot lbs. of work and units of heat are absorbed in con- 
verting 5 lbs. of water at 32*" F. into ^y steam at atmospheric pressure? 
Illustrate your answer by diagrams similar to that given in the Lecture, 
showing the internal and external work done on the water by the heat. 
^ns. 5733 B.T.U. ; 4,428,000 fl. lbs. 

2. Define the terms *' Internal Work," and "External Work/' with 
reference to the generation of steam. How is the efficiency of a steam 
engine expressed? Illustrate your answers by taking an example and 
working out the various quantities arithmetically. 

3. A boiler generates dry steam at an absolute pressure of 95 lbs. per 
square inch from feed water at 60° F. What percentage of heat will be 
saved by a feed-heater which raises the temperature of the feed water to 
212** F. ? Ana, 13 per cent. 

4. A non-expansive engine uses steam at an absolute pressure of 60 lbs. 
per square inch, and makes 60 double strokes per minute. The area of the 
piston is I square foot, and the length of the stroke is 12 inches. Find 
(i) Weight of steam used per minute; and (2) Total heat expended per 
minate, the temperature of the feed water being at 60"* F. Ana, (i) 17*12 
lbs. ; (2) 19,530 B.T.U. 

5. A lb. of water at 60** F. is converted, at constant pressure, into dry 
steam at 75 lbs. per square inch absolute. Find (i) Total heat expended ; 
(2) External work done during evaporation ; (3) Internal work done during 
evaporation ; (4) Work done in raising temperature of water. Construct a 
diagram showing graphicallv these various quantities of work. Ans. 

(1) 1148-35 B.T.U. ; (2) 7972 B.T.U. ; (3) 821-13 B.T.U.; (4) 247-5 B.T.U. 

6. Suppose, in Question 5, that the i lb. of water has been converted 
into wet steam containing 10 per cent, of suspended moisture. Find (i) 
Internal work; (2) External work done during evaporation. Ans. (1)738*27 
B.T.U.; (2) 71*73 B.T.U. 

7. A boiler supplies steam with 10 per cent, of suspended moisture, the . 
evaporation taking place at 320** F. from feed water at 100* F. Find total 
heat expended per i lb. of steam formed, and the weight of water which 
could be evaporated from and at 212° F. for the same expenditure of heat. 
Ans. 1022 B.T.U. ; 1*056 lbs. 

8 An engine works non-expansively with condensation. The initial 
pressure of the steam is 25 lbs. by gauge, and the back pressure is 3 lbs. 
absolute. Temperature of feed water 104" F. Find (i) Effective work per 
lb. of steam used ; (2) Weight of steam used per hour per H.P. ; (3) Total 
heat expended per hour per H,P. ; (4) Steam efficiency ; and (5) Heat 
rejected to condenser per lb. of steam used. Ans. (i) 696 B.T.U. 

(2) 37 lbs. nearly; (3) 40,381-8 B.T.U. ; (4) 6*5 per cent. 

9. Distinguish between heat and temperature. What are the units by 
wMch each is measured ? How many units of heat are required for raising 
I lb. of water from 32° F. to 212* F., and then for evaporating it into 
steam ? How much mechanical work would be done in each operation ? 
(8. & A. Exam. 1895). 

la What is meant by "Sensible Heat," "Latent Heat," and "Total 
Heat of Evaporation "1 Calculate the total heat in British Thermal Units 
required to convert 30 lbs. of water at 62*" F. into steam at a temperature 
of 212* F. If a pound of coal develops 14,000 units of heat during its 
combustion, how many pounds of coal would be required to convert the 
30 lbs. of water into steam under the above conditions, if there was no loss 
of heat in the operation 7 (S. & A. Exam. 1896). 
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LBCTURE XL 

Contents.— Temperature and Freasore of Steam — Marcet's Boiler- 
Graphic Curve of Pressures and Temperatures — ^Mercurial Pressure 
and Vacuum Gauges — ^Bourdon's and Schaifer's Pressure and Vacuum 
Gauges — ^Pressure Pyrometer or Thalpotasimeter. 

Temperature and Pressure of Steam. — ^When water is con- 
fined in a closed vessel, and heated, the pressure of the vapour 
contained therein continually increases, ^e precise temperature 
which corresponds to any particular pressure, has been made the 
subject of very careful inquiry by Eegnault and others. 

We shall now illustrate these phenomena by means of a simple 
apparatus, termed Marcet's boiler. On applying heat from the 
Bunsen burner, B B, steam is generated from the water, W, and 
the temperature as it rises is noted by the thermometer, T. 
Simultaneously, the column of mercury rises in the tube, and the 
height from the free surface of the mercury may be read off 
(roughly) on the graduated scale, G S. Since the tube, G T, is 
open at the top, when the temperature has arrived at 233* F., 
the mercury will be observed to have risen about 15 inches, 
corresponding to a pressure of 7*4 lbs. above the atmosphere, 
or a total pressure of 22 lbs. per square inch. This is usually 
termed 22 lbs. absolute.* When the temperature arrives at 250** 
the mercury will have risen to about 30 inches, correspondmg 
to a pressure of 147 lbs. on the square inch (i atmosphere), 
or 29*4 lbs. absolute (t.e., 147 lbs. above the atmosphere + 147 
for the atmospheric pressure). 

If our glass tube had been longer, and the supply of mercury 
in the bottom of the boiler sufficient, we might have gone on 
applying heat and registering still higher pressures with their 
corresponding temperatures, but the limited experiment has been 

* Absolute pressures, are pressures reckoned from a perfect vacuum as 0^ 
or zero ; whilst ordinary pressures, as indicated by steam gauges, &c., are 
pressures reckoned from the atmospheric pressure at the place as zero, and 
they, therefore, require about 15 lbs. to be added to them in order to con- 
vert them into absolute, or total pressures. In aU questions relating to the 
temperature and expansion of steam, absolute pressures are used in this 
book. 
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sufficient to show roughly, that a rise in temperature cannot take 
place without a corresponding rise in pressifre. Mercurial gauges, 
such as that in the Marcet's 
boiler, were much used to re- 
gister the pressure of steam 
in steam boilers, before the 
introduction of the Bourdon 
gauge. 

The following curve illus- q.t. 

trates the way in which the 
pressure of saturated steam 
rises with its temperature. It 
is plotted out from the table 
in Lecture XII. 

When any two physical 
conditions (such as the tem- 
perature and the pressure of 
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B B for Bunsen burner. 




MB„ 


Marcet's boiler. 




M „ 


Mercury. 




w „ 


Water. 




SS „ 


Steam space. 




T „ 


Thermometer in S S. 




GT„ 


Glass tube, about 
long. 


35 in. 


GS ,> 


Graduated scale. 




„ 


Cock. 






steam in the case we have 
been considering) vary with 
respect to each other, it forms 
a useful exercise, as well as 
impresses the fact upon the 
student, if he plots out graphi- 
cally the corresponding quan- 
tities to scale. In the next 
figure, the absolute pressures 
are divided off to scale on 
the vertical line from 15 to 
100 lbs., while the correspond- 
ing temperatures are pitched to scale on the horizontal line. The 
intersection of the horizontally drawn dotted lines and the ver- 
tically drawn dotted lines from each of the corresponding quanti- 
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ties gives us points on ^he curve. If these intersections are now 
joined by a firm line we obtain the desired curve. 
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CUBVE OF PRESSUBES AND TEMPERATURES. 

Pressure Gauges. — Instruments for indicating the intensity 
of the pressure of a fluid contained in a closed vessel, are called 
" pressure gauges," or " vacuum gauges," according as they 
register how much the pressure is above or below that of 
the atmosphere. As we shall see later on in the case of the 
" Indicator," that instrument is adapted for registering pressures 
both above and below the atmospheric pressure. 

The Mercurial Pressure Gauge, as seen by the following 
figure, consists of a bent, U, glass tube, containing mercury, from 
to 0, round the bend of the tube. One end is connected 
directly to the closed vessel, or say to a steam boiler, while the 
other end is connected to a cup, to prevent the mercury being 
lost when the pressure rises higher than the range of the tube. 
This cup is open to the air, and consequently the pressure of the 
atmosphere acts on that side of the mercurial column. A vertical 
scale is fixed immediately behind the vertical limb connected to 
the boiler or closed vessel, and it is graduated in any convenient 
manner — say, for lbs. per square inch of pressure. As the pres- 
sure increases, the mercury in this limb is depressed, and rises 
correspondingly in the other limb. When the pressure in the 
closed vessel equals that of the atmosphere, both free ends of the 
mercury should stand at o. The reading on the first following 
cut shows a pressure of 39 lbs. Nothing could be simpler or 
more accurate than this arrangement, for, as we saw in the case 
of the Marcet's boiler, a vertical column of mercury produces a 
definite pressure of about i lb. per square inch for every 2 inches 
in height. In practice, however, the inside of the glass tube gets 
coated with a dirty film, owing to the oxidation of the mercury, 
which prevents the attendant observing the exact position of the 
depressed end of the mercurial column. 
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Such a pressure gauge is, of 
ship or on a locomotive, owing 
to the jerking motion ; and fur- 
ther, Uie length of the tuhe 
would have to be very great for 
the pressures now carried in high- 
pressure steam boilers (about 300 
inches, or 25 feet for 150 lbs. on 
the square inch). For these 
reasons its use has been dis- 
carded in ordinary practice ; but, 
as an exact and standard instru- 
ment for scientific purposes, and 
for testing and graduating the 
working pressure gauges (which 
we are about to describe), it is 
indispensable. In all the best 
works where ordinary pressure 
gauges are made and tested, there 
is, therefore, fixed a long vertical 
mercury column or gauge, with 
which these may be compared, 
and there the inside of the glass 
is occasionally rubbed clean by 
a little cotton-wool dipped in sul- 
phuric acid, and fastened to the 
end of a wire. 

Mercurial Vacuum Gauge. 
— This gauge indicates directly 
the absolute pressure inside a 
vessel such as the condenser of a 
steam engine, the suction pipe to 
an air-pump, or the vacuum pan 
of a sugar-refinery. The simplest 
form in which it is made is il- 
lustrated by the second figure. 
It consists of a vertical glass 
tube a little over 30 inches in 
length, with its lower end open 
and dipping into an iron pot 
containing mercury, while its 
upper end is attached to a brass 
coSk and pipe connected with 
the vessel or condenser. A scale 
is fixed behind the glass tube. 



course, inadmissible on board a 




Vacuum 
Oaugb. 



Pbessure Gauge. 
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graduated on the right hand into inches, and on the left hand 
into millimetres, but it would be more convenient if this latter 
scale were divided so as to show the absolute or the back pressure 
in lbs. per square inch due to an imperfect vacuum. The more 
perfect the vacuum, the higher the mercury rises in the tube, 
and every 2 inches of rise corresponds to a diminution of about 
I lb. of back pressure. 

It does seem absurd that we should thus continue to register 
pressures in three or four different ways. 

1. In lbs. per square inch above the atmosphere — 6.^., in the 
case of the pressure of steam in a boiler. 

2. In indies of mercury from atmospheric pressure downwards, 
towards a perfect vacuum, or in lbs. per square inch below atmo- 
spheric pressure — 6.^., in the case of ordinary vacuum gauges. 

3. In lbs. per square inch reckoned from a perfect vacuum, or 
what are termed lbs. per square inch absolute— -€.^., in the case of 
the back {M-essure during exhaust of a condensing engine. 

If we universally adopted the last of these methods, there would 
be no confusion, and only one way of reckoning pressures — ^viz., 
from absolute zero. Condenser vacuum pressures would then range 
from o to 15 lbs., and boiler pressures from 15 lbs. upwards. 

Bourdon's Pressure and Vacuum Ctauges. — Steam pressures 
in boilers or pipes are usually indicated by Bourdon's pressure 
gauges, and negative or vacuum pressures in condensers, 6ui,, by 
Bourdon's vacuum gauges, or by instruments of somewhat similajr 
design and construction. 

The construction of Bourdon's pressure gauge is clearly shown 
by the figures on the opposite page. Figure C shows the internal 
mechanism in its earliest form ; the small figure, D, to the right, 
shows a section of the Bourdon tube ; and the upper figures, A 
and B, show a sectional elevation plan and front view of a modem 
high-pressure gauge, as made by Schafier and Budenberg, having 
a quadrant wheel and pinion arrangement, connecting the pointer, 
P, with the tuba, T. The action of the gauge is as follows (see 
Fig. A) : The steam, gas, or water enters by the cock shown 
in connection with the gauge to the ciu:ved metallic tube, T, of 
hard brass or steel, whose upper end is hermetically sealed or closed. 
The cross section of this tube, being of a flat, oval form (with its 
greatest breadth fixed perpendicularly to the direction in which the 
tube is curved), tends to become more and more circular in section, 
the greater the pressure within it (above the atmosphere), and 
consequently, at the same time, the curve of the tube tends to 
straighten out, thus pulling the link, L, upwards, the motion of 
which is transmitted to the quadrant, Q, and theoce to the 
toothed wheel, TW, fixed on the same axis as the pointer, P, 
which latter moves across the scale. r^r^r^^]^ 
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T represents Tube, 
L „ Link. 



Q 
TW 
DP 



Quadrant. 
Toothed Wheel. 
Distance Piece. 
Pointer. 



Back View op Eabliest Fobm 
OP Mechanism. 



Section of Tube. 
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Schapper's Gauge. 



Should the pressure within the tube be less than that of the 
surrounding atmosphere (as is the case when the instrument is 

measuring the vacuum in a condenser), 
then the cross-section of the tube 
becomes flatter than its normal or 
x)i'dinar7 shape, and, consequently, the 
closed end of the tube curves in- 
wards, thus moving the pointer, I, in 
the other direction. 

It is usual in practice to have separate 
instruments for recording pressures 
above and below the atmospheric pres- 
sure, and to increase the range of 
the pointer by the intervention of a 
toothed lever quadrant fixed between 
the end of the drag-link and the pointer. 
This quadrant gears with a small pin- 
nion fixed to the pointer-spindle, and 
a fine watch-spring, with its inner end 
attached to this spindle, and its outer 
end to the case of the instrument, 
ensures the pointer coming back to 
zero when the pressure is removed, as well as prevents it lagging 
behind or sticking. These devices are clearly shown in the above 
figure, which represents Schaffer's patent, the difference between 
it and the Bourdon patent being, that the former relies upon 
the natural elasticity of a concentrically corrugated steel plate 
placed across the hollow opening in the flange of the pipe, G, 
which communicates with the boiler or condenser. The centre of 
this corrugated plate is attached by a clip and rod to the toothed 
quadrant as shown. When the pressure is greater than that of 
the atmosphere, the corrugated plate is bulged upwards, and 
when it is less, it is bulged downwards. These motions, being 
proportional to the pressures per square inch, are correspondingly 
indicated on the graduated dial by the pointer. 

Pressure Pyrometer. — In Lecture IV., under the heading of 
Pyrometers, we referred to this instrument, which depends for its 
action upon the fact that the pressure of a gas, generated from a 
liquid with which it is in direct communication, corresponds to the 
temperature of the liquid. The name given to it by the makers is 
the Thalpotasimeter, and it is constructed, as may be seen from 
the following figures, of a metal stem, containing the liquid, and 
ending in a Bourdon or Schaffer gauge. The metal stem is shown 
fixed in the first case into a pipe, and in the second case, into a 
fllie, through which hot gases are passed. Their temperature inside 
the pipe or the flue is communicated to the stem of the instru- 
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ment, and therefore to the liquid within it. If water be placed within 
the stem, then the pressure (and consequently the temperature) 




rises in accordance with Regnault's tables (see next Lecture). 
Instruments filled with ether are made and graduated from ioo° 
to 220° Fah. ; those filled with water, from 212*' to 680° Fah. ; and 
those filled with mercury, up to 1400" Fah. 
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Lbotubb XL— Questions. 

1. Describe an experiment for ascertaining approximately the relation 
between the pressure and temperature of steam at a moderate pressure (say 
lo lbs.) above that of the atmosphere. (1887, S. and A. Elemty. Exam.) 

2. How would you ascertain the pressure of the vapour of water at a 
temperature above 212" F. ? Describe some method of conducting the 
experiment. 

3. From the table of Begnault's results (Lecture XIL), plot out a curve 
showing the rise in pressure of steam from i lb. to 200 lbs. absolute on the 
square inch corresponding with increase of temperature. Adopt a scale of 
I inch = 50 lbs. and i inch = loo"* F. 

4. Sketch and describe the mercurial pressure gauge which was much 
used with low-pressure boilers. Mark on your sketch a scale showing the 
position of the mercury in the tube with a pressure of 8 lbs. per square inch 
above atmospheric pressure. Height =^ 16*3" 

5. If the specific gravity of mercury be 13*5, calculate how much higher 
the mercury will stand in one leg than in the other when the pressure of 
steam is 10 lbs. on the square inch above the atmosphere. Ans, 20*5 inches. 

6. Sketch and explain how a barometer gauge is made and fitted to a 
condenser. If the mercury in an ordinary barometer stands at 30 inches 
when that in the ^uge stands at 26 inches, find the pressure per square 
inch of the vapour m the condenser. Ans. i '96 lb. 

7. Explain what is meant by the expression " a ^uge shows 25 inches of 
vacuum." If the weather barometer stands at 29^ mches, and the condenser 
gauge at 23 inches, what is the pressure of vapour in the condenser? 
jiru, 3*25 lbs. per square inch. 

8. If the vacuum gauge shows 26 inches when the weather barometer 
shows 30*2 inches, what is the pressure of vapour in the condenser, and 
what would be the same if the gauge fell to i8i inches ? Ant. 2*1 lbs. and 
5-85 lbs. 

9. What effective pressure is obtained on the piston when the steam 
gauge shows 25 lbs., and the vacuum gauge 22 inches ? Ans, 36 lbs. per 
square inch. 

10. What effective pressure is obtained when the steam gauge shows 
41 lbs. and the vacuum gauge 27 inches, and what would be the effective 
pressure if the vacuum fell to 1 1 inches 7 Ans, 545 and 46*5 lbs. 

11. Sketch and describe fully by an index of parts (using the first letters 
of the names of the parts) a Bourdon's pressure and a Bourdon's vacuum 
gauge. Account for the peculiar action of the tube. 

12. Sketch and describe Schfiffer's corrugated plate pressure and vacuum 
gauge. 

13. Upon what principle does the pressure pyrometer or thalpotasimeter 
depend 7 Sketch such an instrument, and mention for what purposes it 
is used. 

14. Suppose a Bourdon pressure gauge to be faulty in its graduation : 
sketch how you would connect it up to a mercurial column to test it. If 
the specific gravity of mercury be 13*5, calculate what every inch of the 
')olumn will correspond to in lbs. pressure on the square inch. Ans» '49. 

15. What do you understand by the statement that there is a vacuum 
of 10 lbs. registered on the vacuum gauge of a condenser 7 Sketch and 
describe fully some form of gauge for testing the pressure in a condenser. 
(S. and A. Tuxam., 1894.) 
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LECTCJRE XII. 

Contents.— Pressure and Volume of a Gas— Boyle's Law— Pressure 
Volume, and Density — Curve of Volumes and Pressures— Table living 
the Chief Properties of Saturated Steam— Watt's Diagram of Work, 
with Example— Area of Diagram is a Measure of the Work done in 
One Stroke. 



Pressure and Volume. — We saw in 
Lecture XI., by the experiment with 
Marcet*8 boiler, that the pressure of 
steam increased with the temperature ; we 
now come to consider the relation which 
exists between preasicre and volume. 

Boyle's Law. — The pressure of a 
perfect gas at a conata/at temperature 
varies inversely as the space it occu- 
pies. -. , , 

Or, let p = pressure. 

V = volume. 
Then » v » constant, since p oo i 

V. 

To illustrate this law the following 
simple piece of apparatus may be used : — 

It consists of a small metal box, B, to 
which are attached two glass tubes, G T, 
one a little more than 35" long, and the 
other fully 10". A stop-cock, S C, is 
screwed into the metal box, and the short 
tube is provided with a screw plug, S P. 
The whole is fixed to a board, on which 
there is a graduated scale of inches. 

Mercury is poured into the long tube 
and the screw plug, SP, is taken out 
until the mercury rises in both tubes to 
the zero line. The screw plug is then 
replaced and encloses a column of air 
to'' high in the short tube. Supposing 
the barometer to stand at 30", we now 
continue pouring mercury into the long 
tube until the level of the mercury in it 
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is 30" above the level of the mercury in the short tube. When 
this point, 35", is reached, the merojury in the short tube will be 
found to stand at 5'^ The aii* in the short tube has thus been 
subjected to an additional pressure of 30" of mercury, i.e., to 
an additional pressure of one atmosphere ; therefore, its pres- 
sure has been doubled. Before applying this pressure it occu- 
pied 10" of the tube; hence we see that its volume has been 
reduced to one -half by doubling the pressure on it, in accordance 
with the law just stated. It is important that the student 
Hhould not overlook the fact, that this law is true, onl^/ when 
the temperature remains constant. 

This law is not perfectly fulfilled by any actual gas, but very 
nearly so by those gases which cannot be condensed into liquids, 
such as air. When a gas is about to pass by condensation into a 
liquid {e.g,y steam on the point of being transformed into water), 
then the density increases more rapidly than the pressure. 

The following curve of *' Volumes and Pressures " is drawn from the data 
given in columns i and 5 in the Table on the next page. It is plotted in 
precisely the same way as the curve for " Pressures and Temperatures " 
explained in last Lecture. It illustrates graphically how the volume of 
saturated steam diminishes as the pressure rises. 



ClRVE OF VOLUMES & PRESSURES 
( From accofttpanying tables) 




Volumes in cubic feet per lb. 

EXPLANATION OF FOLLOWING TABLE, GIVING THE CHIEF 

PROPERTIES OF SATURATED STEAM. 
ist Column — gives the Absolute Pressures, or total pressures per square 
inch, reckoned from a perfect vacuum as zero. 

2nd Column— gives the temperature at which steam is given off under the 
corresponding pressures in the ist column. 

3rd Column— gives the sum of the Sensible and Latent Heats which Watt 
believed to be a constant quantity ; but which Regnault 
showed by experiment increases with the temperature (see 
Lecture IX.). Formula, Total Heat or H = 1082 4 + -305 t°. 

4th Column— gives the Latent Heat which gets less at higher pressures. 

Sth Column — gives the Specific Volume of steam or f^ Volume per pound 
weight of steam. 

6th Column — gives the Density or weight of a cubic foot of steam. 

*jth Column —gives the volume of steam generated under a given pressure com- 
pared with the volume of the water from which it is produced. 
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TABLE OF THE PBOPEBTIES OF SATURATED STEAM. I07 
PBOFBBTIBfl or SATUBATBD StBAM. 

IVam the Ihoperiments of JBegnauU amd Othen. 



Abtolate 
Fratium. 


Boiling 

Point of 

Water 

and Tern. 


Total Heat 
from Water 

at^a'^or 
Sensible and 


Latent Heftt. 


Speeiilo 
Vohimeor 
Volmneof 


DenittTor 


BelattTO 
Volome or 
Cabio Feet 

of Steam 




peratareof 
Steam. 


Latent Heats 
together. 




z lb. of 
Steam. 


Cable Foot. 


from X 
Cable Foot 
of Water. 


z. 


a. 


3* 


4- 


s. 


tf. 


7. 


Lbs. per sq. 


Fah, 


Units of heat 


Units of heat 


Cnbiofeet. 


Lbs. 


CaUofiBet 


inch. 




per lb. 


per lb. 








I 


102*1 


1 1 12*5 


1042-9 


330-36 


*oo3o 


20600 


2 


126*3 


1 1 197 


10258 


17208 


•0058 


10730 


5 


162-3 


1 130 9 


1000-3 


72*66 


•0138 


4530 


10 


I93'3 


1140-3 


9784 


37*84 


'0264 


2360 


AtmoB. prea. 














14-700 


2120 


1146*1 


965*2 


2636 


•0380 


1642 


20 


2280 


1150-9 


952-8 


19*72 


0507 


1229 


25 


2401 


1154-6 


9453 


15*99 


•0625 


838 


30 


2504 


1157*8 


937*9 


13*46 


:sti 


35 


2593 


11605 


931-6 


11-65 


726 


40 


2673 


1162*9 


926*0 


10*27 


•0974 


640 


45 


2744 


1165-1 


920-9 


9*18 


•1089 


572 


U 


2810 


1167-1 


916-3 


8-31 


'1202 


518 


2927 


1170-7 
1 173-8 


908*0 


701 


•1425 
*i648 


437 


70 


3029 


900*8 


607 


378 


80 


3120 


1176*5 


894*3 


5*35 


*i869 


lU 


90 


3202 


1179-1 


888*5 


4*79 


•2089 


100 


3279 


1181-4 


88ri 
8783 


4*33 


-2307 


270 


no 


334-6 


1183-5 


3-97 


-2521 


247 


120 


34I-I 


1185-4 


8737 


3-65 


•2738 


227 


130 


347-2 


1187-3 


8694 


3-38 


-2955 


211 


140 


3529 


1 189-0 


865-4 


3*i6 


•3162 


197 


150 


358-3 


1 190*7 


86i*5 


2*96 


•3377 


184 


160 


363-4 


1192*2 


8579 


2*79 


'3590 


174 


'2° 


368-2 


1193-7 


8545 


2-63 


•3798 


164 


180 


3729 


1195*1 


55i*3 


2*49 


•4009 


:ii 


190 


3775 


1 196*5 


8480 


2-37 


4222 


200 


3817 


1197*8 


845*0 


226 


•4431 


141 


210 


3860 


II99-I 


841-9 


2*16 


•4634 


135 


220 


3899 
393-8 


1200-3 


839*2 


2-06 


•4842 


129 


230 


1201*5 


l^H 


1-98 


•5052 


123 


240 


397-5 


1202-6 


833*8 


i-go 


•5248 


119 


250 


401*1 


1203-7 


831*2 


183 


•5464 
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Watt's Diagram of Work. — ^Watt assumed that Boyle's law 
held good in the case of steam, and he applied it in a most in- 
genious manner to prove that he could get a greater amount of 
work out of his engine per pound of steam used, by cutting it off 
early from the cylinder (and thus allowing it to force the piston 
forward during the remainder of the stroke, merely by expansion), 
than by supplying steam throughout the whole stroke, which 
had been the practice of other engineers. 

Although steam, being an imperfect gas, does not expand in 
strict accordance with Boyle's law, and further, since the tem- 
perature of the steam falls the more it is expanded (unless external 
heat is applied to it, to make up for the loss due to the work got 
out of it), yet we shall gain a great insight into the action of 
steam in an engine cylinder, by first discussing " Watt's Diagram 
of Work done during Expansion." 

The following figure illustrates the method adopted by Watt. 
The horizontal line, or abscissa, AB, indicates the length of the 
stroke, and is divided into lo equal parts,* the vertical line, or 




Watt's Diagram op Work. 



ordinate, AC, represents the pressure of steam used by Watt, 
about 1 5 lbs. absolute, or one atmosphere, and it is also divided 
into lo equal parts. When the piston has travelled the distance, 

♦ Watt, in his patent of 1782, describes how he divided the length of his 
cylinder, or stroke of piston, into 20 equal parts ; but we have here divided 
ours only into 10 equal parts, in order to render the figure and the explana- 
tion of his method easier to junior students. For similar reasons we have 
shown the steam cut off at I of the stroke, instead of \ as in his case. 
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CD, i,€., ^ or ^ of the stroke, the steam is cut off from the 
cylinder by the steam valve or the slide valve, and the remainder 
of the stroke is effected solely by the expansive action of the 
steam. The gradually falling curve, DE, marked '' curve of 
pressures," is found by drawing verticals from each of the divisions 
of the stroke, 3, 4, .... 10, and marking them off in height 
corresponding to the pressures, p, at these* points, by the formula 
of Boyle's law, and joining their upper ends by a curved line : — 

constant 
pv m A constant, or p = f 

where v «■ the volume swept out by the piston from the com- 
mencement of the stroke, and is, therefore, represented by the 
different distances^ A to 2, to 3, • • . to lo, along the line, AB. 
For example — 

^ Atmosphera. 
( At point A, ^ I 



At point of cut-off 


»» 


2,p 


P=i 






V = 2 


fft 


3.P 


Constant = p v \ 






>f =1X2 


ff» 


A.P 


•• =2 




^'^ 
^fp 




»» 


Z'P 




k 


8,;? 


Near end of Strols 


6» II 


9.P 



92£!^^ = J = 0-66 

o = i = OS 

= * = 04 

H = ^ = 033 

„ = f = 029 

= I = 025 

= J = 0'22 

Dividing by the Number of Parts, viz., 10 ) 565 
We get joughly a Mean Pressure s -565 

By adding the several pressures, and dividing them by the 
number of divisions taken — viz., 10 — ^we get the average pressure 
throughout the stroke = '565 of an atmosphere (i.e., '565 x 
147 lbs. = 8*3 lbs. per square inch), or more than half the initial 
pressure. The economy of cutting off the steam before the end 
of the stroke will, therefore, be at once apparent, for we have 
obtained an average pressure greater than half that which would 
have been obtained by carrying fuU steam pressure throughov;t the 
whole stroke, and have only %Lsed \ of the qucmtity of steam. 

Area of Diagram is a Measure of Work done. — Since 
work done is measured by force or pressure, multiplied by the 
distance through which the force or pressure acts, the area of the 
rectangle, AD (see upper part of last fig.), being equal to the 
pressure, AC, if reckoned in lbs., multiplied by the distance, A2, 
or, CD in feet, measures to scale the work done upon the piston by 
the steam up to the point of cut-off in foot-pounds or units of 
work. In the same way, the area of the rest of the figure — viz.. 



Digitized by VjOOQ IC 



no LBCTUBE Xlt 

DEB2, measures to scale the work done upon the piston by the 
steam while expanding in the cylinder, also in foot-pounds; for 
this area is equal to the mean pressure in lbs. between the points, 
D and E, multiplied by the distance, 2B, in feet. ComequenUyf 
the area of the whole figure^ ACDEB, measuree to eecUe the whcie 
work done by the eteam in one etrohe in foot-^pownde. This area is 
equal to the calculated mean pressure throughout the stroke, 
8*3 lbs., multiplied by the whole stroke, AB in feet, and expresses 
the results of Watt's diagram of work in foot-pound& Watt, in 
calculating the mean pressure throughout the stroke, assumed 
that the pressure at eadi of the points into which he divided the 
stroke remained constant until it arrived at the next in order, by 
which method he obtained a slightly different value from the true 
mean pressure. His method is, however, sufficiently accurate for 
our piurposes at the present stage of the student's knowledge. 

Methods of Constructing the Curve of Fressnres and 
Voliunes by Boyle's Law. — ^We shall now show how to con- 
struct the curve for the relation between pressure and volume of 
a perfect gas expanding according to Boyle's law. This curve 
may be constructed in two different ways : — 

1. By making use of the formula expressing Boyle's law — ^viz., 
pt7 = a constant, and thus calculating the pressure at various 
points during the expansion. 

2. Or, we may adopt a purely graphical method for deter- 
mining a series of points on the curve. The cwrve of eocpcmeion 
can then be drawn freehand or by aid of French curves, or by 
bending a thin flexible strip of wood until its lower edge passes 
through the several points. These two methods will be dearly 
understood from the solution of the following example. 

EXAMPLE I. — Steam is admitted into the cylinder of an 
engine at a pressure of 30 lbs. by gauge, and is cut off at ^ of the 
stroke. Draw to scale the diagram of work done during admission 
and expansion, assuming that the steam expands according to 
Boyle's law. From the diagram thus constructed, find the 
pressures at |, |, and J of the stroke respectively. 

ANSWER.--Pirst Method, by Calculation. 

Draw two axes P, V, at right angles to each other. 
Along P, measure off a distance A, to represent the initial 
absolute pressure of the steam.* 

* The initial pressure as given by the qnestlon is 30 lbs. by gauge. The 
pressure as indicated by a steam gauge on a boiler or cylinder of an engine, 
has for its starting (or zero) point, the pressure of the atmosphere — viz., 
about 15 lbs. per square inch. We cannot, therefore, base our calculations 
respecting a law of nature on such an arbitrary and variable starting-point 
as this. Consequently, we must refer all our pressures to the abiolvJte zero 
or perfect vacuum line before applying Boyle^s law. The absolute zero is 
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Along O V, measure off a distance O B, to represent the 
volume of the stroke.* 

Divide O B into any number of parts, equal or unequal in 
length, and at each point of division raise a perpendicular 
line of indefinite length. In the figure we have divided the 




, ^STROKE- -;^ -*• I 

•*- — — — — J/i STROKE *•• 

DiAGBAM OP WOBK FOR EXAMPLE I. 

stroke into 12 equal parts, for the following reasons: (i) the 
number 1 2 is a multiple of the denominator of the fraction \ (the 
fraction of the stroke at cut-off), so that one of the points of 
division may coincide with the point representing the cut-off"; 
(2) the number of points on the curve will thus be sufficiently 
numerous or close together to enable us to draw a fairly accurate 
curve through them ; and (3) we have taken the parts of equal 
length because the stroke will be divided into convenient and 
easily recognised fractions. We might have divided the stroke 
into nine or even ten equal parts, as is usually the case in practice, 
but, due to the reasons just assigned, we prefer the larger number 
for the present case. 

Denote the pressures and volumes at the points -o, i, 2, 3 , . . . 
12, by the letters ;?„v,; ^1,^1 ; it?,, V,; . . . .;?i„Vi,; respectively. 

thus about 15 lbs. (more correctly 147 lbs.) per square inch below atmo- 
spheric pressure. Hence, the initial absolute pressure of steam =30 +15 
=45 lbs. per square inch. We have, therefore, to make O A represent 
this total pressure. 

* Since the cross area of the cylinder is constant throughout the stroke, 
the line O B will also represent to scale the full stroke of the piston, and 
the distances, Oi, O2, O3, &c., definiteproportions of the stroke. 
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Further, let the whole volume of the piston's stroke be denoted 
by the number 12 — i,e,, let «;i,= 12. Then, i?j= i, i;,= 2, and so 
on. The utility of this notation will be apparent from the 
following. 

The point of cut off coincides with the point 4 (^ x 12 =4), as 
shown by the figure. Now we know that 

p^^p^ — 4S lbs. absolute, and that v^ = 4, 
••• by Boyle's Law, pv^A constant 

The Constant=^^v^= 45x4 = 180. 

Calculate and tabulate the pressures at the various points 
during expansion, thus — 

const. 180 ^/:. ^ iu« «v« 
p^ = = = 36*00 lbs. abs, 

^» § 

const, 180 



p. = __ = -g- = 30-00 



if If 



const. 180 ^^.^, 
P, = ^^ = — = »S7i » ., 

const. 180 

const. 180 «^.^^ 

P9 = = = 20 00 „ „ 

^9 9 

const. 180 ,0.^^ 
Pio = = = 18 00 „ „ 

i^ll = -T^ = __ = 16 36 „ „ 
t?ll II 

const. 180 

^-= -i;;r ° IT = ^^^o „ .. 

We now possess all the data for completing the diagram. Along 
the perpendiculars drawn through the points 4, 5, 6 . . . . 12, 
measure off distances 4, 4i, 5, 5i, 6, 6i . . . . 12, i2j respectively, 
to represent (according to the scale previously employed for the 
pressure O A) the pressures i?4, j?, • . • • Pi» given above. 
Then 4^, 5^ 6^ . . . , 12^, are points on the expansion curve. 
Join A with point 4^, and through the points 4i, 5i, 61 . . . . i2i, 
draw carefully by hand (or otherwise as previously directed) 
an unbroken continuous curve, D E. This is the expansion 
curve, and is known to mathematicians as a Rectangular 
Hyperbola. The area of the rectangle Q A D C represents 
the work done to the point of cut off; the area of the figure 
C D E B represents the work done during expansion. The area 
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of the whole figure O A D E B represents to scale the complete 
diagram of work. 

We are also asked by the question to find, from the diagram 
thus constructed, the pressures at g, | and § of the stroke. 

Since the length of stroke has been denoted by the number 12, 
we, therefore, get — 

I stroke = f x 12 = 4*5 
I „ =1x12= 7*5 
I „ =|x 12 = 10-5 

These points are easily found, and are indicated on the right- 
hand part of the figure by the letters a, 5, and respectively. 
Drawing the ordinate^, cta^y bb^, co^y and measuring their lengths, 
we get, according to the scale of pressures, the following results — 

aa^ = 4000 lbs. abs. 
661 = 25-00 „ 
cci= 17-14 „♦ 

Second Method: by Graphical Construction. — As before, 
draw two axes O P, O V, and measure off the distances A, OB, 
to represent the initial pressure and the volume of stroke re- 
spectively. Let represent the volume swept through by the 
piston to the point of cut off. Complete the rectangles O A D C, 
O A F B. Divide B into any number of equal or unequal parts, 
and at these several points of division raise perpendiculars to 
meet the line A F.f 

To find points on the expansion curve, join the origin 0, with 
the point i', on the line A F. This line cuts the perpendicular 
D, in the point i". Through point i", draw the line i" i^ 
parallel to OV, and terminated by the perpendicular through 
point I . The point i ^ i« a point on the expansion curve. Similarly, 
join O 2'. This line O 2', cuts the perpendicular C D in the 
point 2". Through 2'', draw the line 2^2 j, parallel to OY, to 
meet the perpendicular 2, 2', in point 2^, Then, point 2^, is also a 
j)oint on the expansion curve. By proceeding in this way, as 
shown by the figure, we get the series of points ii, 2i, 3i . . . . 

* These are the exact values, as may be readily proved by calculation. 
When, however, the measurements are carefully made, and the curve 
neatly drawn, such results should not differ from the correct results by 
more than 2 or 3 per cent. 

t An inspection of the curve D E (in the previous figure) shows that it 
is steeper near to the end D than it is towards the end E. Hence, if we 
use equidistant ordinates, a greater length of curve will lie between two 
consecutive points near the end D than towards the flatter portion of the 
curve at E. For this reason, it is advisable to have the points i, 2, 3 . • • 
near to 0, much closer together than those points towards the end B. 

-= - - - -gle 
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on the curve. The curve can then be drawn through the points 
thus found. 




Graphic Oonstbuction fob Finding Points on Expansion Curve. 



The pressures at f , |, and | of the stroke can then be found 
as before, by measuring the ordinates through the points a, 6, ' 
and c respectively. 

If the steam was compressed, according to Boyle's law, from an 
initial volume O C, the curve of compression would be a continua- 
tion of the curve E D, as shown in dotted line by the figure. 
The method of drawing the compression curve is identically the 
same as that described above for the expansion curve. It will be 
sufficient to show how to find one point on this compression 
curve. 

Suppose we require to find the pressure when the volume is 
diminished to Od, Through d, draw the perpendicular ddx 
cutting A F, in the point d\ Join O d', and produce it to meet 
D, produced in d'\ Through d'\ draw d"d^, to meet dd^, in d^. 
Then cZj is a point on the compression curve. 

Proof of above Construction. — ^That the above construction 
is mathematically correct may be proved as follows : 

Let O A = Initial pressure, pc* 
O B = Volume of stroke, 
O C = Volume to cut off, v^. 

Let the pressure and corresponding volume at any other point H 
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of the stroke be represented by the letters p/^ and v^ respectively. 
Complete the rectangles A D C, O A F B. Find by the previous 
construction the point Q, on the expansion curve corresponding 

P 




Illusteating Proof for Geometrical Construction. 

to volume O H. Produce Q L to meet O P in M. Then the 
area of the rectangle O A D C represents the product, p^ v^, ie., 
the pressure x the volume at the point C. We have now to 
prove that — area of rectangle O M Q H = area of rectangle O A D C. 
Since O A K H, is a parallelogram having parallelograms, 
OMLC, LDKQ, described on its diagonal OK, then the 
remaining parallelograms M A D L, and C L Q H (which make up 
the complete figure O A K H) are called complementary parallelo- 
grams. Now, by ElMdid, Book I. proposition 43, it is proved that 
the areas of complementary parallelograms are equal. Hence the 
parallelogram C L Q H = the parallelograpa M A D L. Add to each 
side of this equation the parallelogram OMLC, and we get — 

Area OMQH ^Area A DC 
i.e, HQ xOH = AxOC 

Or, PkXV^^Pc^Ve 

Which proves that Q is a point on the expansion curve. 



Simpler Proof. — The following is a still simpler proof, 
the similar triangles O L C, and K H, we get — 

CL:CO = HK:HO (Euclid VI.-2.) 
.•. CLxHO = HKxOO 
But, C L = H Q, and H K = A 
.-. IlQxHO = AxOC 
•% As before p^ x v^ =pc x Ve 



In 
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Lectitbb XII.— Qttsbtiohs. 

1. state Boyle's law, and describe an experiment to show that the pres- 
sure of a gas varies inversely as the space it occupies. 

2. Referring to Begnanlt's table in this Lecture, draw a curve of volumes 
and corresponding pressures from loto 50 lbs. absolute, taking 'i inch 
to represent the volume of I lb. of steam, and also i lb. of pressure per 
square inch. 

3. Steam is admitted into a cylinder at atmospheric pressure, and is cut 
off at half stroke. Divide the stroke into 10 equal parts, and, supposing 
that the pressure at the beginning of each of these portions remains 
uniform until the piston reaches the next in order, find the pressure at 
each point as weU as the mean pressure by Watt's method. Ana, '83. 

4. A certain quantity of steam at 40 lbs. pressure absolute is admitted 
into a cylinder, and then expands to 4 times its original bulk. What is 
its final pressure 7 Explain what is meant by steam of 40 lbs. absolute. 
Afu, 10 lbs. absolute. 

5. The piston of an engine moves through 12 inches under a pressure of 
30 lbs. absolute ; the steam is then cut off and allowed to expand. What 
will be its pressure when the piston has moved through 18 inches from the 
beginning of its stroke f Am. 20 lbs. absolute. 

o. Steam is admitted into a cylinder at atmospheric pressure, and is cut 
off at i stroke. Find the pressure when the piston has reached ^ of its 
full stroke. Ans. 4*4 lbs. absolute. 

7. Steam of 40 lbs. absolute pressure is admitted into a cylinder. Find 
the final pressure in each of the following oases : — ist, when it is out off 
at I stroke ; 2nd, when at i stroke ; 3rd, when at J stroke ; 4th, when at 
{stroke. Ana, ist=5 lbs. ; 2nd =10; 3rd =20; 4th = 3a 

8. Steam is admitted into the cylinder of an engine at 9 lbs. above the 
atmosphere (taken at 15 lbs. per square inch), and is expanded down to 
7 lbs. below the atmosphere. Find the pressure of the steam at half- 
stroke, and the point of cut-off. (S. & A. Exam. 189a) Ana. i lb. above 
the atmosphere, or 16 lbs. absolute ; } stroke. 

9. When is steam said to be be aaturated f Distinguish between aaturated 
steam and aiy^erheated steam. When air is compressed without change of 
temperature its pressure is increased according to Boyle's law ; state what 
happens when saturated steam is compressed in like manner without 
change of temperature? (S. & A. Exam. 1891.) 

10. What do you understand by the expansion of air or gas according to 
Boyle's law ? Assuming that steam expands in this way, find the pressure 
of steam on its admission into a steam cylinder under the following 
conditions : — ^Length of stroke of piston is 5 feet, steam is cut off after the 
piston has described 2 feet, and expands down to 3 lbs. below the atmo- 
spheric pressure (taken at 15 lbs.) (S. and A. Exam. 1891.) Ana, 30 lbs. 
absolute. 

11. The pressure of steam is 30 lbs. above the atmosphere, and the cut« 
off takes place when the piston has moved 5 inches. The mean resistance 
of the load =» 18 lbs., and the steam is supposed to expand according to 
Boyle's law, how much farther will the piston have moved when the actual 
pressure of the steam just balances the resistance ? (S. and A. Exam.) 
1893.) '^''**' ^^ ^^7 ^ asked, what is meant by *' the mean resistance of 
the load being 18 lbs Y " Does it mean 18 lbs. above atmospheric pressure, 
or 18 lbs. absolute? Again, what is meant by the expression, "actual 
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pressure of the steam jost balances the resistance ? ** The pressure will be 
actual, no matter what its value may be. Taking the question to read thus : 
** The mean resistance of the load corresponcte to a pressure of i8 lbs. 
above atmospheric pressure, and the steam is supposed to ezi)and according 
to Boyle's law, how much farther will the piston have moved when the 
pressure of the steam just balances the resistance ? ** An», 1*82 inches. 

12. Assuming, as was done by Watt, that the actual expansion curve of 
steam is the same as that of air when expanding at a constant temperature, 
set out an approximate expansion curve when steam of a volume 10 cubic 
feet, and pressure 65 lbs. per square inch above the atmosphere, ip 
expanded to a volume of 40 cubic feet. (S. and A. Exam., 1894.) 
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LECTURE XIIL 

COFTBXrTB. — ^Finding the Mean Pressure from a Tfaeoretioal Diagram 
of Work. 

Finding the Mean Fressnra — ^Let us try another example of 
Watt's diagram of work. Suppose we have an engine using steam 
of loo lbs. pressure absolute per square inch, and cutting off at ^ 
of the stroke. We find the curve of expansion by Boyle's law 
and the mean pressure precisely as we did in the last Lecture, with 
this difference, that we shall add the last pressure ordinate in 
order to get a nearer approximation to the true mean absolute 
pressure. In this example, as in the last, we shall assume that 
there is no back pressure whatever ; or, in other words, that a 
perfect vacuum continues throughout the whole of the exhausting 
stroke. This, of course, does not take place in actual practice, as 
we shall learn further on, but our chief object at present ia to 
impress upon junior students the simplest methods of finding the 
mean pressure and the area of the diagram of work. 

There are several rules for obtaining approximately the mean 
pressure from a diagram of work such as we are now discussing. 
The plan most commonly adopted by engineers (as we shall see 
later on) in finding the mean pressure from actual indicator dia- 
grams is, to measure by a suitable scale or rule the length of each 
of the ten ordinates, taken at the centre of each of the ten spaces 
into which the diagram is divided, add them together, and divide 
by their number. For instance, applying this rule to the follow- 
ing figure, we should measure the length of the vertical lines 
midway between the points o and i, i and 2, 2 and 3, .... 9 and 
10, add these ten pressure ordinates together, and divide the sum 
by 10, to get the mean pressure; and doing so (or calculating 
these pressures hypv = constant), we find them to be respectively, 
100, 100, 100, 71-43, 55-5, 45-45, 38-46, 33*3, 29-41, and 26-31 lbs., 
giving a mean of 59-9 lbs., or slightly greater than that found 
by the calculations on the opposite page. 

Eoonomy Due to Cutting Off Early .—EXAMPLE I.— We 
also see the economy or gain effected by << cutting off" the steam 
early from the cylinder and doing work during the rest of the 
stroke by the mere expansive force of the steam ; for, the mean 
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625 „ 

= 50 „ 

= 41-6 ,, 

= 357 „ 

= 31-25 „ 

= 277 „ 

= 25 „ 



pressure per square inch on the piston is p=S9'7 l^s. This is 
greater than half the initial pressure, 100 lbs., although the steam 
was cut off from the cylinder when the piston had only moved 
through i of its stroke. Suppose that we consider the stroke of 
the piston to be, L = 5 feet, then, — 

The work done in one stroke upon every square inch of the piston! s 
area is equal to the mean forward pressure in lbs, per square ivich 
multiplied by the length of tlie stroke in feet. 

Or, p X L = Work done per sq. in. 

597 (lbs.) X 5 (ft.) * 298-5 ft. -lbs. 
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If we assume the area of the piston to he loo square inches, 
then, — 

The whde work done in one stroke = Work done upon every square 
inch muMiplied by the area oj piston in square inJies, 

Or— 

/> X L X A -8 Whole work done in one stroke. 

59*7 (lbs.) X 5 (ft.) X loo (sq. ins.) = 29,850 ft.-lbs. 

Had steam of the full initial pressure (P = 100 lbs.) been continued 
throughout the whole stroke, then, — 

P X L X A s Whole work done in one stroke. 

100 (lbs.) X 5 (ft.) X 100 (sq. ins.) = 50,000 ft.-lbs. 

But 50,000 (ft.-lbs.) : 29,850 (ft.-lbs.) :: 100 : «. 
® = 597 P^i' cent. 
In other words, by cutting off at \ stroke and letting the steam 
then act expansively, we get more than half the work that we 
would have got from 4 times the weight of steam of the same 
initial pressure if used non-expansively. 

What percentage gain per pound of steam used does this 
amount to ? 

For a certain weight of steam (viz., the weight of steam that 
fills the cylinder at 100 lbs. pressure) we get 50,000 ft.-lbs. of 
work. 

For I of this weight of steam used expansively we get 29,850 
ft.-lbs. of work. 

Therefore, for the same weight as before we would get — 

29,850 X 4, or 119,400 ft.-lbs. of work. 

Consequently, for every i lb. of steam used non-expansively we 
have to use — 

50,000 (ft.-lbs.) : 119,400 (ft.-lbs.) :: i (lb. steam) : y. 
y = 2'39 lbs. 

Or, it would take 2*39 lbs. of steam used non-expansively at 
100 lbs. pressure to do the same amount of work as i lb. used 
expansively and cut off at \ stroke with the same initial pressure; 

i.e., I : 2*39 :: 100% : z. 
z s= 239 per cent. 

•'• (239 % - 100 % ) = 139 per cent, gain by the adoption of cut- 
ting off at ^ stroke and taking advantage of the expansive proper- 
ties of steam. 

Advantages arising from Condensing Steam. — ^The advan- 
tages arising from condensing the steam during exhaust are also 
rendered apparent from this example. For had the exhaust taken 
place freely against the atmospheric pressure (instead of under 
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the ideal perfect vacuum that we aflsumed), the back preasure or 
exhaust Ime would have been aa high up aa the points marked 
15 lbs. or A L (for atmospheric line), and the mean pressure per 
square inch would have been reduced from 597 lbs. by 15 lbs., or 
25 per cent, less work would have been got per stroke from the 
engine (see last figure). 

EXAMPLE II. (from the Science and Art Elementary Paper 
on Steam, 1887). — What do you understand by the expansive 
working of steam 1 If steam be admitted into the cylinder of an 
engine at a pressure of 30 lbs. above that of the atmosphere (which 
is taken at 15 lbs. per square inch), and be cut off at one-third of 
the stroke, what is its pressure at the end of the stroke t 

N.B. — Before answering this qnestion we would again draw the student's 
attention to the great advantage of ahoays underlining the most important 
words of a question after he has read the question over, and caref ally con- 
sidered what is asked or wanted, and before he attempts to write down his 
answer. He should also endeavour to use the examiner's own wording as 
far as it is given in the question. 

Anstoer. — i. I understand by the expansive working of steam, 
that process known aa ''cutting off" the admission of steam 
from the cylinder of an engine when the piston has been forced 
through a certain fraction of its stroke (say ^ or | or ^), and then 
completing the stroke by aid of the natur^ expansive property 
which steam as well as all gases possesses. By so doing, we obtain 
more work per pound of steam than if expansion had not taken 
place. 

2, 27^ pressure of steam admitted mto the cylinder is 30 lbs, 
above that of the atmosphere^ consequently its total pressure is 
(30 + 15) = 45 lbs. absolves. By Boyle's law, the pressure mul- 
tiplied by its volume is a constant. 

Or, p X v a a constant. 

In this case the constant is determined from the pressure and 
the volume at the point of cut-off. 

When the steam is cut off, ^ = 45 lbs., and t; s ^ of whole 
volume of cylinder. 

Therefore, 45 x i = 15 (constant). 

At the end of the stroke, t? = i, 

And, p = =s -5 — je lbs, absolute. 

EXAMPLE III. — The cylinder of a condensing engine is 30 
inches long (clearance neglected). Steam is admitted at 20 lbs. 

Digitized by VjOOQ IC 



122 LECTUBE XIH 

absolute; the final pressure is 5 lbs. absolute. At what point of 
the stroke was the steam cut off? 

Answer, — In this case the constant is determined from the pres- 
sure and the volume at the end of the stroke, or what amounts 
to the same thing (as far as the calculation is concerned), viz., the 
pressure and the full stroke or length of cylinder, for the volume 
is in direct proportion to the distance moved by piston. 

By Boyle's formula — 

p X ff ^ constant. 
S (lbs.) x2-sft.= 12-5. 

At the point of cut off, the pressure x the volume must also be 
equal to 12*5, but the pressure is 20 lbs. 

.'. jp X V = 12-5 

20 X V = 12*5 

V = ^^ =» -625 feet = 7^ inches. 

EXAMPLE rV. — A cylinder of a condensing engine is 4 feet 
long (clearance neglected). Steam is cut off at | stroke, and the 
final pressure is 10 lbs. absolute. At what pressure was steam 
admiUed) 

Answer. — Here again the constant is determined from the 
final pressure and volume, or stroke. 
By Boyle's formula — 

p X V = constant. 
10 (lbs.) X 4 (ft.) = 40. 

At the point of cut-off, the volume is represented by J of the 
stroke, or | of 4 feet = i foot. 

:. p X V = constant (above), 
jp X I = 40. 

j9 s 40 lbs. absolute. 

The pressure at the point of cut-off being 40 lbs., the pressure 
at which the steam was admitted must also be 40 lbs., since we 
at present do not recognize wire-drawing, &c., or any circumstance 
causing a fall of pressure between admission and cut-off.* 

* For a method of finding the mean pressure and the work done 
daring expansion, see Lecture XVI. of the Author's " Text-Book on Steam 
and Steam Engines." 
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Lboturb XIIL— Qubstiohb.* 

1. OlTen the initial pt eM u re 50 lbs. bj gauge, length of stroke 5 feet, 
cut off at I foot. Find the presmiTe at every foot of the stroke, and then 
the average or mean pressure. Assume exhaust to take place at a perfect 
vaonnm, or o lb. pressure, and that the atmospheric pressure is 15 lbs. 
An$.3S'S^hB. mean pressure. 

2. The initial pressure of steam is 45 lbs. above that of the atmosphere, 
and the atmospheric pressure is 15 lbs. per square inch ; the steam ex- 
pands five times. YHiat is the final pressure f Set off the expansion 
curve in a diagram, and mark the position of the atmospheric line. (S. and 
A. 1888 Elementary Examination.) Am, 12 lbs. absolute. 

3. The cylinder of an engine is 25 inches long, and steam is admitted at 
18 lbs. absolute pressure, the final pressure being 4 lbs. absolute. At what 
point of the stroke was the steam cut off ? Atis. 5*5 incheSi 

4. Steam is admitted into a cylinder at a pressure of 25 lbs. on the square 
inch above the atmospheric pressure of 15 lbs. on the square inch, and is 
cut off at such a point that its pressure at the end of the stroke is 5 lbs 
below that of the atmosphere. At what point of stroke was it cut off f 
Make a diagram, showing approximately the steam pressure on the piston 
throughout the stroke. An$. Cut off at '25 or i stroke. 

5. The cylinder of an engine is 25 inches long ; steam is admitted at 
18 lbs. absolute, and the final pressure is 4 lbs. absolute. Divide the 
stroke into 10 equal parts ; find the steam pressure at each point of 
division, and set out Watt's diagram of work done. Find also^ the mean 
pressure of the steam. Am. 18, 18, 13*5, 10, 8, 6*3, 57, 5, 4*4^ 4. Mean 
pressures 10 lbs. 

6. The stroke of a piston is 4 feet 6 inches, the steam is cut off at 9 
inches, and the pressure at the end of the stroke is 5 lbs. below that of 
the atmosphere. At what pressure above the atmosphere was steam let 
in ? Am. 45 lbs. 

7. Steam is admitted into the cylinder of an engine at an absolute pres- 
sure of 45 lbs. per square inch, and is cut off at one-third of the stroke. 
Find the pressure in lbs. at half -stroke, and also at the end of the stroke. 
Show roughly, by a diagram, that additional work is obtained from a given 
quantity of steam— (i) by cutting off the supply from the boiler before the 
end of the stroke ; (2) by condensing the steam instead of allowing it to 
escape into the air. Am, 30 lbs. ; 15 lbs. 

8. Explain the advantage of working steam expansively, and with 
condensation. Steam is admitted into a cylinder at 30 lbs. above the 
atmosphere, which is taken at 15 lbs. per square inch, and is cut off at a 
certain point, and then expands to a pressure of 5 lbs below the atmo- 
sphere. If the length of stroke be 44 feet, at what point is the steam cut 
off f Am. At |> or 'a of stroke. 

9. Steam expands in the cylinc^er of an engine from a pressure of 30 lbs. 
above the atmosphere to 5 lbs. below the atmosphere, at what part of the 
stroke was the steam cut off t The pressure of the atmosphere may be 
taken at 15 lbs. (S. and A. Exam.* 1889.) Am. '2 of stroke. 

la Sketch the diagram of work as applied by Watt to explain the 
advantage of expanding steam in the cylinder of an engine. Steam enters 
the cylinder at 60 lbs. pressure (absolute), and is cut off at ^th of the 
stroke. Find pressure at J, J, |, and end of stroke. (S. & A. Exam., 189a.) 
Am. 48 lbs. ; 24 lbs. ; 16 lbs. ; la lbs. 

* See Appendix for more recent 9. ft A. Qaettionf. 
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LECTURE XIV. 

Contents.— General Idea of the BelatiTe Positions and Motions of the 
Chief Parts of a Steam Engine — RelatiTe Positions of the Crank and 
Piston— Relative Positions of the Bccentric and the Slide Yalye— 
Booentrio Pnllej and Strap— WiUdnsoii't Yalvometer. 

Qeneral Idea of the Relatiye FositioiiB and Motiona of the 
Chief Farts of a Steam Engine. — Before explaining the Indi- 
cator and the results obtained by it in the form of Indicator 
Diagrams, it will be necessary to describe the relative positions 
and motions of the piston, connecting rod, and crank, as well 
as that of the eccentric, eccentric rod, and slide valve, in order to 
understand the distribution of steam in the cylinder of an ordi- 
nary engine. 

This is most graphically and easily done in the case of a class 
by the aid of a large skeleton working model (placed on the 
lecture-table and demonstrated by the teacher), in which the 
several moving parts are all in one plane, so that their relative 
positions and motions may be simultaneously observed and 
sketched. Students should be encouraged to make a small skeleton 
working model to scale in stiff cardboard or in sheet-brass, and to 
draw from it sketches in their exercise-books, showing the exact 
positions of all the parts when steam is admitted to, cut off from, 
released from, exhausting from, and compressed in the cylinder. 
By so doing, they will obtain and retain a much more exact and 
definite conception of the action of a steam engine, than can 
possibly be given to them by any number of diagrams from a book 
or drawings on a black-board. 

The following figure represents a section of such a modeL It 
will be observed that the to-and-fro or reciprocating movement of 
the piston, P, in the cylinder, C, is converted by aid of the piston 
rod, P R, and connecting rod, C R, into the right-hand circular 
motion of the crank pin, CP, as indicated by the '^crcmk-pin 
eirde" whereas, the to-and-fro or reciprocating motion of the 
slide valve, S Y, is obtained or derived from the circular motion 
of the centre of the eccentric (sheave or pulley), E, by aid of 
the eccentric strap, E S, eccentric rod, E E^ and valve spindle, Y S, 
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The crank and the eccentric pulley are rigidly fixed or keyed to 
the crank shaft, C S, in definite positions or at a definite angle with 
respect to each other, so that the relative positions of the slide 
valve and the piston with which they are respectively in circuit 
may produce the required result of permitting the steam to enter 
and leave the cylinder at the proper times. The slide valve 
having to be always ahead or in front of the piston's motion, the 
eccentric must of necessity be fixed ahead of the crank by a 
definite angle. 
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Relative Positions of the Crank and the Piston. — The 

following method of determining the relative positions of the crank 
and the piston is of great importance. It is also the method used 
in determining the relative positions of the eccentric and its slide 
valve. 

In the fig., let 00^ represent the crank, then with centre, 0,, and 
radius (CR) = the connecting rod, describe an arc cutting the 
centre line of the engine's stroke in (CH), which gives the position 
of the crosshead. With this point (CH) as a centre, and the 
length of (OR) as radius, describe the arc, CjD,. The length OD^ 
will be equal to the distance of the piston from the middle of its 
stroke when the crank is in the position OC^. If this distance, 
ODg, be set off* along the crank, OC^, by drawing with centre, O, 
and radius, OD,, the arc, D^d.^, and the same operation be re- 
peated for a series of different positions of the crank, all these 
points will be found to lie on the polar curve, Odfjy Any chord 
of this curve drawn from the point wiU be equal to the distance 
of the piston from the middle of its stroke when the crank lies 
along that chord. 

The double looped curves vafuU lines are the curves obtained by 
this method. 

If the connecting rod be infinitely long, it is evident that instead 
of the arc, CjD„ we get the straight line, CgDj, at right angles to 
the line of stroke, and that OD^ is, in this case, the distance of 

Digitized by VjOOQ IC 



RELATIVE POSITIONS OF THE GBANK AND THE PISTON. 1 27 

the piston from the middle of its stroke. If this distance be set 
off along the crank by drawing the arc, B^cfp and the same opera- 
tion be repeated for a series of different positions of the crank, it 
will be found that all these points lie on a pair of circles drawn 
with OCj and 00, as diameters. These are shown by the dotted 
circles in the figure. 

The effect of the obliquity of the connecting lod is well seen by 
comparing the curves in full lines with the circles in dotted lines. 

In valve diagrams it is usual to neglect the effect of the 
obliquity of the eccentric rod, because the ratio of its length to 
the throw of the eccentric is generally great, and its effect is 
therefore generally not worth taking into account. 

When the piston is at the commencement of its stroke, the crank 
is in the position, 00^ and when the piston is at the end of its 
stroke, the crank is in the position, 00,. In each of these 
positions, the connecting rod is in the same plane as the line of 
the crank ; consequently the pressure of the steam on the piston 
produces simply a direct thrust on the bearings, without causing 
any tendency to turn the crank shaft. Hence these two positions 
are termed the " dead points " or " dead centres" from the fact that 
a single cylinder engine cannot be started when the crank is on 
either dead centre. 

Twice in eveiy revolution the centre line of the connecting 
rod is brought at right angles to the crank, or, in other words, it 
forms a tangent to the crank-pin circle. At these two positions, 
the force transmitted through the connecting rod acts with the 
greatest turning effect, because the leverage is greatest at these 
points^ and the thrust due to this force through the crank on the 
crank-shaft bearing is nil. The longer the connecting rod, the 
nearer wiU the crank then be at right angles to the centre line of 
the piston's motion, or to the line CjO,, the line of " dead centres," 
in the last figure, and if the connecting rod were infinitely long, 
it would be exactly at right angles to 0^0,. 

Belative Positions of the Eccentric and the Slide Valve. 
— ^The " eccentric " is simply a particular form of crank, in which 
the crank pin is large enough to embrace the crank shaft, the part 
which corresponds to the crank pin being the eccentric sheave or 
pulley. The crank has this advantage over the eccentric, that it 
can be employed for converting reciprocating into circular motion 
or the reverse, whereas the eccentric (owing to the greater leverage 
at which the friction between its pulley and strap acts, compared 
with its turning leverage) can only be used for converting circular 
into reciprocating motion. Eccentrics are, however, applicable 
where ordinary cranks are inadmissible, from the fact that the 
shaft does not require to be divided where an eccentric is applied. 
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ECCENTEIO FOE HOBIZONTAL ENGINE: 



C S for Crank shaft. 
E P ,, Eccentric pulley. 
E S ,, Eccentric strap. 
S ,, Shaft centre. 



Index to Pabts. 

E for Eccentric centre. 
K „ KeytofixEPtoCS. 
OC „ Oil cup. 
E R „ Eccentric rod. 



The above figure shows an eccentric pulley and strap for a 
horizontal engine, with the way in which it is fixed to the crank 
shaft and one plan of keeping it lubricated. 

We shall describe different forms of all these moving parts later 
on, but here we must confine ourselves more particularly to their 
relative positions and motions. What we have already said in 
regard to the relative motions of the crank and the piston also 
applies to the relative positions of the eccentric and the slide valve. 
The student should plot out a diagram similar to that on p. 98 for 
the eccentric and slide valve of the engine model illustrated by the 
first figure in this Lecture, where the eccentric radius is 2| inches, 
and the eccentric rod 6 feet. This will impress upon him the fact 
that, owing to the greater ratio between the rod and the throw, 
the sKde valve is virtually at the middle of its stroke when the 
eccentric has moved through a right angle (see Index for pages 
where other eccentrics are illustrated). 
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Wilkinson's Valvometer.* — By means of this instrument^ 
valves and valve motions in steam and other engines can be set 
out to actual size, and the points of admission, cut-off, exhaust 
and compression of steam be determined by simple inspection. 
The instrument is constructed with two slide bars on which the 
port openings corresponding to the valves are inscribed full size. 
The bars move in slots, the intermediate spaces having inscribed on 
them the port openings in the cylinder and plate. Any form of 
valve, straight-ported, D-ported, Trick or piston valve can be set- 
out on the bars to full scale. The travel of each bar can be 
quickly and accurately adjusted by the following means : — On 
one side (controlling the expansion valve) is an eccentric of which 
the sheave can be adjusted to any given throw or degree of 
eccentricity with the crank; and on the other side (controlling 
the main valve) is a slotted crank in which the throw can be 
adjusted by shifting the pin in the slot. The lead of each valve, 
or its angle of advance on the crank, can be separately adjusted. 
All adjustments can be measured accurately by a scale of 
sixteenths marked on the instrument, and the angles of advance and 
positions of the piston in the cylinder read off on the crank circle. 
The crank can be set to the back or forward centre for observing 
the lead, or turned to any position for observing the points of cut- 
oft', exhaust and compression. The action of the steam engine 
governor in making a late or early cut-oft according to the lead is 
readily shown, for all positions of the governor and link. By 
changing the lead of the main valve 120° the action of the 
valve in reversing an engine is readily seen, and all intermediate 
positions show the effect of notching up by the lever and link. 
The ports on the valves can be altered to any desired inside or 
outside lap and any combinations between width and position of 
ports, and travel and lead of valves set out, and their effects 
studied. 

The instrument is, therefore, of service in the drawing office for 
designing valve motions and arriving at the best dimensions, and 
in the erecting shop, for setting and re-setting valves. Being 
provided with means of demonstrating and measuring the effect 
of any of the above combinations, the instrument is valuable for 
demonstrating valve actions and steam and other engines to 
engineering classes. 

* See The Engvns&r^ July 13th, 1894. There are many other ingenions 
' deyioes for illustrating to Science Classes the relative positions of crank, 
piston, eccentric and slide valve, such as that designed by Mr. J. Kerr 
Beid, Wh. Sch. Engineering Lecturer, Greenock, and the model made by 
Messrs. Baird & Tatlook, Renfrew Street, Glasgow ; but Wilkinson's 
yatvometer, as made by Nalder Bros., Red Lion Street, London, W.O., is 
also Qsefnl in the drawing office and workshop. ^ j 
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Lecture XIV.- Question g. 

1. Make a diagram of the valve and ports of a steam engine with crank 
and eccentric circles, showing the positions of the crank, of the oentre 
of the eccentric, and of the slide valve» when the crank is on its dead 
oentre. (S. and A. Exam., 1888.) 

2. Make a free-hand sketch of the first figure in this Lecture, but place 
the cylinder on the right hand and the crank on the left hand of your 
paper. Trace the course of the steam in entering and leaving the cylinder, 
and write out a complete ** Index to Farts." 

3. Show, by sketches, &c., how the motion of the piston is converted into 
that of the crank, and that of the eccentric into that of the slide valve. 
Why is the eccentric fixed so as to move ahead of the crank 7 

4. A crank is i foot long, while the connecting rod is 6 feet: find 
g^phically how far the piston is from the beginning of its stroke when 
the crank has moved through 45 degrees from the inner dead centre. 
Ans, 4 inches nearly. 

5. In a direct-acting horizontal engine the lengths of the crank and 
connecting rod are i and 5 feet respectively. How far is the piston from 
the middle of its stroke when the crank is vertical ? Aru, 1 '23 inch. 

6. In a direct-acting engine, plot out by a diagram the relative positioxu 
of the piston and crank during a stroke, on the supposition that the 
connecting rod is of infinite length or remains parallel to itself. How is 
this diagram altered when a definite length is assigned to the connecting 
rod? 

7. What is meant by the "dead centres'* in the case of a crank and 
connecting rod 7 Sketch four figures in mere skeleton lines, showing a 
crank, connecting rod, piston rod and piston, and cylinder, when the 
crank is at each dead centre, and also when the force transmitted through 
the connecting rod has the greatest turning effect. 

8. Sketch an ordinary eccentric in side Sevation and in sectional plan. 
Give an index to the parts, and show how the motion imparted by it is the 
same as by a crank of the same throw or radius. Why cannot an eccen- 
tric be used for converting reciprocating into circular motion 7 In what 
cases are eccentrics applied in preference to cranks, and why 7 

9. Compare the crank with the eccentric. Show that they both produce 
the same motion. State reasons for employing one or the otter in parti- 
cular cases. (S. and A. Exam. 1889.) 

10. Describe, with sketches, the construction of a horizontal direct 
acting engine, working with high pressure steam and without condensation, 
showing how the steam is admitted into the cylinder and let out again 
as required. (S. and A. Exam. 1889.) 

11. Give a longitudinal section through the cylinder and steam-chest of 
an engine, showing the steam and exhaust ports, the steam slide-valve, tlie 
valve-rod, and stuffing-box for the latter. Put the valve in its mid-position. 
(S. and A. Exam. 1891.) 

12. The crank of a direct-acting engine is 2 feet in length and the 
connecting rod 5 feet. Find the positions of the piston when the crank 
has described an angle of 60° from the dead centre in both the forward 
and backward strokes. (S. & A. Exam. 1895.) 
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LECTURE XV. 

Contents. — Lap, Lead, and Travel of a Slide Valve— Angle of Advance 
and Throw of an Eccentric — Relative Positions of the Crank and the 
Slide Valve — Cause of the Unequal Distribution of Steam during the 
Forward and the Back Stroke. 

Lap and Lead of a Valve, &c.— The slide valve shown in 
the following figure is purposely placed at the centre of its stroke, 
in order to facilitate an explanation of what is meant by lap. The 
valve, like that in the figure, p. 12 5, is that known as the Loco- 
motive D Slide Valve. It consists of a hollow box with projecting 
ends, the lower face being accurately planed and fitted, so as to be 
steam tight on the valve port face. The hollow arch of the valve 
just covers the distance between the inner edges of the steam 
ports, so that the moment the valve cuts off the exhaust from one 
end of the cylinder, it opens the other end of the cylinder to 
exhaust. 



O L M 



M L 




Section through Slide Valve 
AND Steam Ports. 



Positions op Crank 
AND Eccentric. 



Now, looking at the left-hand figure, we see the three dotted 
vertical lines drawn above the valve face at each end of the valve. 
The distance, to L, is the amount by which the valve overlaps 
the steam port at each end. This is termed the outside lap of 
the valve, while the distance between L and M is the amount the 
valve (when at the end of its stroke) opens the steam port for 
admission of steam into the cylinder. This distance, LM, is 
frequently less than the breadth of the steam port, beoEiuse the 
same passage serves both for inlet of the steam to, and its exit 
from, the cylinder; and, seeing that the steam has expanded while 
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doing work in the cylinder, the larger the opening to exhaust, the 
less will be the back or obstructiye pressure. 

The vertical dotted lines drawn from, N, below the valve faoe 
near the outside edge of each steam port, indicate the ^000^. 

The circle in the right-hand figure is intended to represent the 
path of the centre of the eccentric pulley, which works the slide 
valve. The radius, OM, is, therefore, eqiuJ to the throw of the 
eccentric, or half the travel of the valve. Now, supposing the 
crank to be in the position, 00, or level at the inner dead centre 
in a horizontal engine («.«., the piston is just at the commencement 
of the outgoing stroke), mark off the distance, ON, equal to the 
outside lap, OL, pku the lead, LN, draw NE perpendicular to 
OM, and join OE ; then (neglecting the obliquity of eccentric rod) 
wehave^ 



OG for the Centre line of the crank. 
OB „ „ „ eccentric. 

OL „ Lap. 
ON „ Lap+lead. 



LM for the Mazimnm opening to 

steam. 
0* for the angle, BOE, or the angle 

of adyanoe. 



We thus see that the centre line of the eccentric must be in 
advance of the centre line of the crank, by (90* + d*)y where ^ 
is called the angle of cuUxmoe. 

If there was neither lap nor lead, then the centre line of the 
eccentric would be at right angles to the centre line of the crank, 
or the eccentric only 90 ahead of the crank. 

Sometimes slide valves have what is termed inside lap^ that is, 
an inner projection at each end of the arch of the valve, marked 
in dotted lines by, x, in the figure. This causes the exhaust to 
take place later on the one side and to be cut off sooner on the 
other side of the piston. The effect of this is twofold — (i) a later 
release causing a higher back pressure, (2) compression before the 
end of the stroke. The latter effect is useful, as we shall see later 
on, owing to its assisting in arresting the momentum of the 
moving piston, piston rod, crosshead, and connecting rod, and thus 
lessening what would otherwise cause a sudden stress or jerk on 
the crosshead and crank-pin bearings, and therefore undue wear 
and tear. More frequently, however, a part of the necessary 
cushioning is effected by giving '^ lecbd " to the slide valve, that is, 
allowing it to open the steam port before the piston has oome to 
the end of its stroke. 

In order to impress these various parts and positions of the slide 
valve, we here enumerate them as definitions. 

Lap or cover of a slide valve is the amount by which the edge 
of the valve overlaps the adjoining edge of the steam port, when 
the valve is in the middle of its stroke, and is termed outside or 

Digitized by VjOOQ IC 



134 LECTURE XT. 

steam lap, and inside or exhaust lap, aooording as we refer to tEe 
outside or inside of the slide valve. 

Lead is the amount of the opening of the steam port at the 
beginning of the piston's stroke. 

Angle of advance of eccentric is the angle hj whic& the centre 
line of the eccentric stands in advance of that position, which 
would bring the valve to its mid-stroke when the crank is on the 
dead point ; or, in other words, the angle between the crank and 
the centre line of the eccentric minus 90*. 

The throw of am, eccentric* is the distance between the centre of 
crank shaft and the centre of eccentric pulley. 

The travel of a slide valve is equal to the distance the valve moves 
to and fro in one stroke of the piston, or twice (the lap + opening 
to steam). It is equal to ttvioe the throw of eccentric. 

Belative Positions of the Crank and Slide Valve. — ^The 
following diagram illustrates the fom* principal points in the 
motion of the simple D slide valve of the working model explained 
at the beginning of last Lecture, p. 1 25,345 well as the corresponding 
positions of the crank, and also the probable distribution of steam 
in the cylinder or " diagram of work." 

1. The point of admission of steam to the cylinder. 

2. The point of cut offoi steam from the cylinder. 

3. The point of rdease, or when exhaust begins. 

4. The point of compressiony or when exhaust stops. 

The diagram is self-explanatory, in as far as it shows how each 
of these points marked on the crank-pin circle is projected on 
to the "diagram of work" (or piston's stroke) below, with the 
coiresponding positions of the slide valve sketched on the lines of 
projections. The direction of motion of the crank and of the slide 
valve at each point is also made clear by arrows. It will be 
observed that the slide valve is at the same position vnth respect 
to the steam ports when beginning to admit steam to the cylinder 
and to cut off the supply of steam from the same, and that its 
direction of motion is in each case opposite to the direction of the 
piston's motion. It is also evident that the slide valve is at the 
middle of its stroke when release and when compression begins, 
and that its motion is opposite in each case to that of the piston's 
motion, as indicated by the straight arrows placed directly above 
the figures of the slide valve. 

* Several authors — e.g., Prof. Goodeve— state that thethrowofaneooentrie 
is equal to the diameter of the circle described by the centre of the eccentric 
pulley. The word " throw " is ambiguous, and might be discarded, for it 
is liable to lead to confusion. See The Practical i!ngineer, Nov. 18, 1887, 
p. 521. 
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Qui Off 



Jteteas^ 




Vahe at ; Mid-atroke ^ahe at • Mld-atrokM 

Relative Positions o^ Crank and Slide Valve, with Curve 

SHOWING the Distribution of Steam in the Cylinder, 

When OsLiQuiTf op the Connecting and Eccentric 

Rods is neglected. 
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Cause of the Unequal Distribution of Steam during the 
Forward and the Back Stroke of the Piston. — If the connect- 
ing rod of an engine were infinitely long (and therefore remained 
always parallel to the centre line of the piston's motion), the point 
of " cut-ofiV' <^d consequently the distribution of steam, would be 
equal at both ends of the cylinder ; but when the length of the 
connecting rod (as usually adopted in practice) is only from 2 to 4 
times the length of the crank, the distance to the point of " cut 
off" is considerably later on the forward stroke than on the return 
or back stroke. 

An explanation of the following diagram will render this quite 
evident. 

Consider a case when the slide valve has '* outside lap" only, 
and no " lead." 

1. Draw a centre line of the piston's motion, C,, to 10. 

2. With any convenient position, O, as a centre and radius, 
00., equal to the length of the crank, describe a circle, 0^0,0,0^, 
and let the crank revolve in the direction shown by the arrows 
on the crank-pin drcle. 

3. With centre, 0^, and radius equal to the length of connecting 
rod (in this case » 3 cranks), describe an arc, cutting the centre 
line of engine in the position, o, furthest from, 0^. With centre, 
0,, and the same radius, describe another arc, cutting the same 
centre line in position 10 nearest to . Then the distance, o to 10, 
is equal to the piston's stroke. This distance may be conveniently 
divided into ten equal parts both above and below the centre line, 
so as to indicate percentages of the stroke during theforvHwd and 
book strokes of the piston.* 

4. With centre, O, and radius equal to the throw (or eccentri- 
city of the eccentric), describe the inner small circle MEyE^. 

5. IVom, 0, plot off a distance, OL, equal to the outside lap of 
the slide valve, and draw through, L, the line, E/LEj, at right 
angles to the centre line of the engine. From O, draw radial 
lines, OEjA, and, OE^B, cutting the crank-pin circle in. A, and, 
B, and join AB. Then, since the sUde valve has no " lead," OE 
is the centre line of the eccentric when the crank is in the position 
00., and the eccentric tinrns round from the position, OEy> to the 
position, 0E(, in the operation of moving the slide valve during 
opening and closing the back steam port ; consequently the crank 
must turn through an equal angle during this operation, i,6., an 

* Of course, the positions o and 10 are in reality the centre of the cross* 
head at each end of the stroke in ordinary engines having a crank and 
connecting rod. To include the length of the piston rod would extend the 
figure beyond the limits of the page. 
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angle equal to AOB. The ** angle of advanoe " of the eooentrio is 
indicated by < ^> . 

6. With centre, 0., and radius, AB, describe an arc, cutting the 
crank-pin circle in 0„ and join O, and 0^ by a thick line. Then, 
00„ is the position of the crank when steam is cut off from the 
cylinder, •.«., when the centre of the eccentric puUey is in the 
position E5. 

7. With 0, as a centre and radius equal to the length of the 
connecting rod, describe an arc cutting the centre fine of the 
engine in CH (crosshead), nearly midway between positions 8 and 
9, above the line, thus showing that steam is cut off at about 
85 per cent, of the stroke during the forward movement of the 
piston and crank. 

8. With C, as a centre and radius, AB, describe an arc, cutting 
the crank-pin circle in 0^, and join O, and 0^, by a thick line. 
Then 00^ is the position of the crank when steam is cut off from 
the cylinder during the back stroke of the piston. 

9. With C^ as a centre and radius equal to the length of the 
connecting rod, describe an arc cutting the centre line of the engine 
in CH, nearly midway between positions 7 and 8, below the line, 
thus showing that steam is cut off at about 75 per cent, of the 
stroke during the backward or retui*n movement of the piston 
and crank. 
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LsGTUBE XV.— Questions. 

1. Sketch in section an ordinary locomotive cylinder D slide valve. Pat 
Taive in its middle position over steam ports, (S. and A. Exam. 1887.) 

2. What is the lap of a slide valve Y Draw a section of a simple slide 
valve and ports, showing the valve (i) without lap, (2) with lap. Account 
for the dijfference in the working of two engines, one of which has lap on 
the steam side of this valve and the other luus not. (S. and A. Exam. 1889.} 

3. What effect is produced by putting lap on a slide valve Y The lap on 
the steam side of a slide valve is 1} inch, that on the exhaust side is 
i inch, and the lead is | inch. Find the opening for exhaust which the 
valve gives at the lower port when the piston is at the top of its stroke. 
Ans. 1 1 inch. 

4. What is the meaning of the term '* lead " as applied to a slide valve f 
Sketch in longitudinal section the steam ports and passages leading to the 
top and bottom of the cylinder, and place the valve in such a position that 
the lead is i inch, the lap of the valve being i inch, marking dimensions. 
(S. and A. Exam. 1888.) 

5. Sketch an eccentric, and describe the several parts. What is the 
throw of an eccentric 7 Upon what does the amount of throw depend f 
What is the angle of advance f 

6. Explain the meaning of the following terms by aid of sketches and 
reference letters: — (i) Outside or steam lap; (2) inside or exhaust lap ; 
(3) maximum opening to steam ; (4) travel of valve ; (5) lead of valve. 

7. The steam port of a cylinder is 3 inches wide, the slide valve has 
2 inches outside lap and i inch inside lap. Sketch to scale part of 
the valve and one steam port, and mark the length of the valve face. 
Ans. $i inches. 

8. If the travel of a slide valve is 6 Inches, and the steam or outside 
lap is 1 1 inch, how much will the steam port be opened to steam? 
Aju. li inch. 

9. The steam port on the cylinder faoe is 2^ inches wide, and the outside 
lap of the slide valve 2 inches : what must be the travel of the slide valve 
so that it may open exactly three-fourths of the port to steam 7 Give 
your reasons why a slide valve is not made to uncover the whole steam 
port for the admission of the steam into the cylinder, but is made to do so 
for the exit or exhausting of the steam from the cylinder. Ans, 7 J inches. 

10. The steam or outside lap is 2 inches, the exhaust or inside lap is 
i inch, and the travel of the valve 8 inches. How much will the port open 
for steam, and how much for exhaust 7 Ans. 2 inches, and 3} inches. 

11. Make a sketch similar to the second figure in this Lecture, but with 
the crank revolving in the opposite direction. Mark the positions of 
admission, cut off, release, and compression on the crank-pin circle. 
Sketch the position of the slide valve on the steam ports for each of these 
points, and draw the approximate diagram for the distribution of steam 
pressures in the cylinder. 

12. Taking a direct-acting engine, and disregarding the effect of 
obliquity of the connecting rod, you are required to assign the proportion 
of lap to travel of slide valve, in order to cut off steam at j of the stroke. 

Assume travel as 4i" and lead •25". Ans. Lap =» } travel of valve. 

13. Given that the travel of a slide value is 5 inches, outside, or steam 
lap J inch, and the angle of advance 22^° ; find graphically, or otherwise, 
the position of the crank at the point of cut-off. Ans, '88 of stroke. 

14. Given stroke of piston 20 inches, length of connecting rod 5 feet, 
outside lap equal to twice the opening to steam ; make a diagram to scale 
like the last figure in this Lecture, showing when steam will be cut off 
during the forward and the back strokes, and account for the difference. 
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Sketch in section the parts of a steam cylinder, and show by means 

bree separate sketches any form of slide Talve which yon prefer to 

illastrate, wherein — (i) The if^ye has no lap ; (2) The i^ve has lap on 



of thn 

illastr , ^_ _ , ^_^ ^ 

the steam side ; (3) Tke valve has lap on Wt£ the steam and ez^nst 
sides. In each drawing the valve mnst be shown in its mid-position. 
(8. & A. Exam. 189a) 

16. Sketch an eccentrio, and. rod for connecting it with the slide valve 
of an engine. Show by a diagram the positions of the crank and eccentric, 
(i) when steam is admitted into the cylinder, (2) when steam is cat off, the 
valve having a fixed amount of lap and lead, which yon are to allow for in 
the diagram. (S. & A. Exam. 1891.) 

17. What is meant by the lead of a valve f What is the object of lead T 
How is lead obtained when an eccentric actuates tbm valve t (S. and A. 
Exam. 1892.) 

18. What are the functions of a slide valve in a steam engine ?. Sketch 
a siogle ported D slide valve, and show it opening the port by the amount 
of lead. (S. & A. Exam., 1893.) 

19. Define the angle of advance of an eccentric. Show by a diagram 
the position of the crank and the angle of advance in an ordinary direct 
acting engine. Sketch separately one usual form of eccentric and 
strap as made in parts, showing how the separate halves of the eccentric 
and strap are respectively connected together. (S. & A. Exam., 1893.) 

2a Wnat is a slide valve, and for what purpose is it used in a steam 
engine? Show clearly by sketches the position of both ends of such a 
^ve in relation to the ports when the piston is at the beginning, middle, 
and end of its stroke (cut-off bdng at half stroke). (S. 4c A. Exam., 1894.) 

21. Define the " lap " and ** lead '* of a slide valve, and state the purpose 
for which each is employed. Sketch in section the cylinder and its ports 
with the slide valve in the middle of its stroke, and show from your sketch 
the amount of lap both on the steam and exhaust sides which yon have 
put upon the valve. (S. & A. Exam. 1895.) 
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LECTURE XVI. 

CoNTBKTS. — ^Blchard's Indicator — Method of taking Indicator Diagrams 
— ^Example of a Full-sized Indicator Diagram from a Non-condensing 
Engine — Effects of Clearance, Compression, Cnshioning, Wire-draw- 
ing, and Release on the Indicator Diagram. 

Watt was the first person who fuUy recognized the importance 
of gaining some knowledge of the action of steam in the cylinder 
of an engine, and the first form of indicator was the result of his 
efforts in that direction. Since Watt's time many important im- 
provements and modifications have been introduced into this 
useful instrument. We have only space, in an elementary trea- 
tise like this, to describe one form of it, and we therefore select 
the Bichard's Indicator as the one most commonly used for speeds 
up to I GO revolutions per minute. 

Biohard's Indicator. — When the piston of an indicator has 
a long travel (which was common in the older forms), the 
motion of the pencil is jerky and irregular, for the sudden 
admission of steam causes the pencil to rise too high, and the 
opening to exhaust brings it down too low, the whole diagram 
appearing irregular and jagged. This defect is remedied in 
Bichard's indicator by using a strong spring, and decreasing 
the travel of the piston, the necessary depth of diagram being 
obtained by multipl)dng the motion of the pencil, p, by means of 
the parallel motion levers, P M. The arm. A, which carries the 
parallel motion, PM, is capable of rotating round the cylinder, 
0, as an axis, so that the pencil may be pressed against or re- 
moved from the drum, D, and the tracing of the diagram thus 
started or stopped at any point. The indicator card is wrapped 
round this drum, and made fast by the two vertical clips ; on one 
of these a scale is engraved. The drum is rotated by means of 
the string, S, and its return is effected by a strong horizontal 
dock-spring fixed inside the drum, D. 
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Index to Paets. 

C for Cylmder. 
SO ,j Sttiam c^ock. 
PM M Parallel motion. 
p ,f Pencil, 

,, Arm capable of turning 

round C. 
^, Drum for carryinj^ paper. 
G F ^1 Giikie pulley i? for mot it 111 
oord nr wire. 



Bichabd's Indicator for Slow Speed Engines. 
(See also Index to the figure on next page.) 
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The following right-hand figure illastrates how the movement of 
the pencil in the Richard's indicator becomes a magnified move- 
ment of the piston, as well as how it is kept parallel to it. The 
device is simply an adaptation of Watt's famous parallel motion, 
as applied to his well-known steam engines. 



Index to Parts op Cylinder. 
P R for Piston rod. I P for Piston. 
SS „ Spiral spring. I A „ Arm. 







O- 

A 




-Ye 



Section op Indicator 
Cylinder. 



Parallel Motion por Richard's 
Indicator. 



Two equal bars, AB, and, CD (fixed to the arm. A, which carries 
the parallel motion — see outside view), are connected by a link, 
BD, having a metallic pencil, p, fixed at its middle. The piston, 
P, with its piston rod, P K, is connected to the bar, CD, by a 
link, EF. Usually the point, F, is chosen such that, CD, = 4 
times CF, When equilibrium exists — i.e., when the piston, P, 
has atmospheric pressure above and below it, the link, EF, is 
parallel to the link, BD, and the line, CEjo, joining, C, and, p, is 
a straight line. Now, since the point, E, describes a straight 
vertical line, the pencil, p, must necessarily do so also within the 
limits of its range ; and further — 

The travel of piston, P : Travel of pencil, p ::CF : CD. 

Thus, the movement of the pencil is always kept parallel to the 
indicator piston, and the travel of the latter is magnified four 
times, so as to produce indicator diagrams of a handy size for 
observing the variations in the steam pressure, &c, , 
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Fixing the Indicator. — In most engines a small pipe is fixed 
outside the cylinders and communicating with both ends.* The 
indicator is attached to this pipe. The pipe is fitted with a two- 
way cock, so tliat a diagram may be taken from either end of the 
cylinder at pleasure. The figure shows the method of attaching 
the indicator to an inverted cylinder marine engine. 

The string, or steel wire, S, is attached to the air-pump lever, 
and its travel must be rather less than the circumference of the 
indicator drum. Be- 
fore admitting steam 
into the indicator, the 
"atmospheric line" 
should be drawn. This 
is done by bringing ^^ 





Index. 


c 


for Cylinder. 


PR 


,, Piston rod. 


I 


„ Indicator. 


2WC 


,, Two-way cock. 


s 


„ String for turn- 




ing the indi- 




cator drum. 




* See note 
to next 
figure. 



the arm which carries 
the pencil up to the 
rotating drum, when 
a horizontal line is 
drawn, which is marked 
AL, for atmospheric 
line, on the diagrams 
throughout this book. 

Indicator Diaglums. — Having studied in Lectures XII. 
and XIII. the theoretical indicator diagram, we are now in a 



-E=e 



a\h pump lever. 
Taking Indicatob Diagbam. 



position to examine and comment upon a few indicator diagrams 
taken from actual practice, and the effects of clearance, com- 
pression, wire-drawing, release, &c. 

* The left-hand figure on p. 144 is a section of the cylinder, C, which is 
made of brass, and one-half square inch in sectional area. It is closed 
on the top by a cover which forms a guide for the piston rod, P R. The 
spiral spring, S S, is fixed to the cover and to the piston. A complete 
set of these springs, suitable for working at different pressures, is usually 
supplied with the instrument. 
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The opposite diagram is taken from a horizontal non-condensing 
engine (sometimes wrongly termed a high-pressure engine). The 
steam pressure rises almost instantaneously, as shown by the 
vertical admission line, and is well sustained up to the point of 
cut-off, the line P C being perfectly horizontal. At the point 
of cut-off, O, a very slight wire-drawing may be seen by the 
rounded corner, but it is scarcely appreciable, and testifies to tLe 
efficiency of the valve gear.* The release of the exhaust steam 
takes place at the point B, but might, with advantage, have been 
effected a little sooner. The exhausting of the steam is veiy 
effectually carried out, as the back pressure falls quite down to 
the atmospheric line, A L. The amount of compression shown is 
too little, and a larger compression would no doubt make the 
engine work more smoothly at the dead points, for a slight knock- 
ing of the connecting-rod bushes was observable. In this engine, 
however, the piston speed is very slow — ^viz., 160 feet per minute, 
so that a large amount of compression is not necessary. 

Effects of Clearanoe. — In actual practice, the piston does 
not come close up to the end of the cylinder at the end of its 
stroke, a small space being of necessity left between the piston 
and the cover, to allow for the wear of the journals and to leave 
room for any condensed steam or priming that may be present. 
Besides this, there is the volume of the steam ports between the 
valve face and the cylinder. This combined space between the 
piston and the cylinder cover, pLua the steam ports, is termed the 
clearcmce of the cylinder. It exercises an important influence 
upon the expansion of the steam ; for it must be filled with steam 
at the moment of cut off. The ratio of expansion of steam in a 
cylinder, as hitherto understood by the student, is equal to the 
volume 0/ cylinder divided by the volume to point qfout ojffl 

Or, expansion ratio 

the volume of cylinder 
the volume to point of cut off 

the area of cylinder x length of stroke 
the area of cylinder x distance to point of cut off 

A X L ^L, 

"Ax I l' 

where A = Area of cylinder in square feet or in square inches, 
L = Length of stroke in feet or in inches, 
2 s Length of stroke to point of cut off in feet or io 
inches. 

* See pages 150, 151. 
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If clearance be taken into account, the trut ratio of expansion 
is much less than this ratio, for it becomes — 

vol ume of cylinder 4- clearance 
"volume to point of cut off + clearance 

area of c ylinder x (length of stroke + clearance) 

~ area of cylinder x (length of stroke to point of cut off + clearance) 
_ A(L-t-c) _ L + c , 
A(Z + c) Z + c' 
where c =■ the necessary length to represent the total clearance 
volume at the end of the stroke when reduced to the area of the 
cylinder, A. The lengths, L, l^ and c, must be expressed in the 
same unit, feet or inches. 

The difference between -=■ and -j^ is obviously greatest with 

high ratios of expansion, or, with an early cut off, t.6., when, Z, 
is nearly equal to c; hence, with high ratios of expansion, the 
clearance space should be reduced to a minimum. 

EXAMPLE I. — Consider, in the first place, an ordinary case, 

such as would occur in good practice. Given an engine with a 

stroke of 4 feet, steam cut off at half -stroke, and the clearance 

volume equal to ^ the volume of the cylinder, or say laper cent. :— 

Here L = 4 feet, I - 2 feet, c = 0*4 foot. 

If toe neglect dearcmce — 



The Ratio of Expansion = y 



= -r = -. = 2. 



2 



Or, the steam is represented as expanding to twice its volume at 

point of cut off. 

If we consider de(vrance, then — 

L + c 4' + '4' rt • 
The Ratio of Expansion = -7—— = . J] = i'83. 
* fr +c 2 + 4 

Or, the steam actually expands 1*83 times. Now, the differenoo 
between 2 and 1*83 does not appear at first sight to be so very 
great ; but we must remember that this difference occurs at every 
stroke ; consequently, in the course of an hour's steaming, the 
difference in the reckoning up of the total volume of steam used 
would be considerable. 

EXAMPLE 11. — ^Now let us try an extreme case, such as would 
be considered bad practice. Given an engine with a stroke of 4 feet, 
with steam cut off at ^u ^^ ^^® stroke, and the clearance volume 
^ of the volume of cylinder, or 10 per cent., as before : — 
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Here L and c are the same as before, and I = 0*4 foot. 

If we neglect clearance — 

L 4' 
The Ratio of Expansion = y ~ ."t = ^o- 

Or, the steam is represented as expanding to ten times its volume 
at point of cut-off. 

If we consider clearance, then — 

L + c_ 4'+ -4 



The Eatio of Expansion = -j — 



•4 + '4 



= 5-5. 



Or, the steam actually expands ^ve and a half times, instead of ten 
times, as misrepresented above, when we neglect clearance. 

The student will now be able to appreciate the effect of clearance 
on the form of the expansion curve. In the following figure the 
cut off is represented as taking place at \ of the stroke, and the 
clearance as equal to \ of the volume of the stroke. 
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Effect of Clearance on Expansion Curve. 

AB is the curve which would be followed, according to Boyle's 
law, by the steam expanding 8 times with a volume, OV (^OD), 
and pressure, OP {i.e., neglecting clearance). AC is the curve of 
expansion, which would be followed, according to the same law, 
by the steam when the clearance space is taken into account, the 
volume being now O^V, the pressure the same as before, and 
the expansion then becomes only 4J times. This shows the 
importance of taking the clearance into account. 

In practice it is impossible to avoid clearance altogether, but 
the losses arising from it may be considerably reduced by com- 
pression of a portion of the steam on the exhaust side. ^-^ , 
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Compression and Cushioning. — Compression is effected, as 
we pointed out in Lecture XV., by closing the exhaust port 
before the piston has completed its stroke, when any steam still 
remaining in the cylinder is compressed into the clearance 
spaces. If the compression were so great as to raise the pressure 
of the steam in the clearance spaces to the initial pressure of the 
steam, loss from the clearance spaces would be avoided, since they 
would already be full of steam at the initial or entering pressure, 
when fresh steam was admitted for the return stroke. The mean 
pressure of steam would, however, be reduced by such excessive 
compression. The useful extent of cushioning, considered with 
reference to the motion of the engine alone, depends chiefly on 
the speed of the engine. In very fast-running engines a large 
amount of cushioning is necessary, in order to arrest the momentum 
of the moving parts gradually, and reverse the direction of motion 
without shocks; but if the piston speed be slow, a less compres- 
sion will suffice to keep the motion smooth and free from jerks. 
These considerations limit the amount of compression to be used 
for any particular case. In engines having a high ratio of expan- 
sion and great piston velocity, the exhaust steam might with 
advantage be compressed up to the initial pressure, but in other 
cases, a moderate compression is all that can be recommended. 
The effect of compression on the indicator diagram is a sudden 
rise in the exhaust or back pressure line just before steam enters, 
and ifl shown on the following diagram by the curved line vm. 



-yCut Off 




h f ^«*« 

\Releaae 



begins 



£ 



Effects of Compression, Want of Lead, Wire- Drawing, and Release. 
Compression up to the initial pressure of the steam Jias a 

Digitized by VjOOQ IC 



WIRE-DRAWING. I 5 T 

fttrther advantage in unjacketed cylinders, viz., that the cylinder 
becomes heated up to the initial temperature of the steam by the 
work done upon it, and condensation of the entering steam may, 
therefore, be greatly reduced. 

It is necessary in practice, especially with high-piston speeds 
and low-pressure steam, to open the steam port before the piston 
has resjched the end of its stroke, in order to assist the cushioning 
and to maintain the full initial pressure as the piston moves for- 
ward. This amount of opening of the steam port is termed the 
" lead " of the slide valve. If no lead be given to the valve, the 
steam port is not sufficiently open when the piston begins to move 
forward, and the full pressure of steam does not come upon the 
piston until it has travelled over a part of the stroke as indicated 
by a rounded comer, cW, on the diagram, or, if very marked, it 
might be indicated by a line joining, w, and, I, 

Wire-drawing. — -When the steam, through insufficiency of 
valve opening, contracted ports, or throttling, is prevented from 
following up the piston at full pressure, it is said to be wire-dravm^ 
and its effect upon the indicator diagram is the fall of pressure 
shown by the dotted line, ad. With a common slide valve, 
actuated by an ordinary eccentric, a certain amount of wire- 
drawing will always take place at the point of cut off, due to the 
slowness with which the valve closes the port. This is clearly 
exhibited in the diagrams of all engines fitted with such valves, 
by a rounded comer at the point of " cut off." A perfect cut-off 
valve should open quickly, and remain open until the point of 
cut off, then close quickly. These conditions are not fulfilled by 
any ordinary slide valve and eccentric, but there are several 
special devices, such as the Froell, the Hobey, and the Oorliss. 
valve gears, which are wonderfully perfect in their action, and 
which were all exhibited in action at the late International 
Exhibition, Glasgow, in 1888. 

Belease. — Besides admitting steam before the end of the 
stroke, it is also necessary to release the steam on the other side 
of the piston before the end of the stroke, in order to prevent 
excessive back pressure. This has the effect of roundmg the 
right-hand corner of the diagram, as shown by the line, efg^ 
showing a very small loss, whereas, if steam be carried to the end 
of the stroke before exhausting, the diagram will take the form 
shown by the line, hk^ and excessive and wasteful back pressure 
will be the result. 
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Lecture XVI.— Questtohb. 

1. Sketch and describe Richard's indicator, showing how it is applied in 
obtaining the mean pressure in a steam cylinder. 

2. Define wire-drawing and clearance as applied to a steam engine. 
How are the effects of wire-drawing and of clearance shown on an in- 
dicator diagram 7 Why is wire-drawing to be avoided, and why is clearance 
necessary 7 How many cubic feet and lbs. of steam (see Table, p. 107) will 
be required per hour for a cylinder 40' diameter, 36" stroke, cut off at 
i stroke with a clearance at each end equal -^ of volume of stroke, when 
making 60 revolutions per minute, and supplied with steam of 100 lbs. 
pressure absolute. Aru, 78,300 cubic feet per hour ; 18,064 lbs. 

3. Explain the effects of "lap," "lead," ** cushioning," **wire-drawin.j," 
and " release," on the indicator diagram, making such sketches as may be 
necessary to render your answer clear. Mark also the points of ''ad- 
mission " and " cut off." 

4. Draw the normal indicator diagram of a non-condensing engine, and 
trace the changes in outline produced by the principal causes which may, in 
practice, detract from the efficiency of the engine. 

5. Describe, with emch sketches as you think necessary, the operation of 
taking an indicator diagram from a horizontal engine, saying how you would 
connect the apparatus with some moving part such as the crosshead. 
Make a diagram, showing the relative positions of the crank pin and centre 
of the eccentric pulley at the time, (i) when steam enters the cylinder, 
(2) when it is cut-off, (3) when compression begins. In what manner are 
the width of the ports, the lap of the valve, and the throw of the eccentric 
related together 7 

6. The diameter of a cylinder is 50", and the stroke 5*. The total clearance 
at each end is equal to 9817'$ cubic inches, while the distance between th« 
piston and the cylinder covers at the ends of the stroke is i ". What fraction 
or percentage of the volume of stroke does the total clearance amount 
to, and what fraction of this clearance is occupied by the steam port t 
Afu. ^ or 8'3 per cent., and J or 80 per cent, of this clearance is in each 
^team port. 

7. The diameter of a cylinder is 100 inches, length of stroke 6 feet. 
Total clearance to be 5 per cent, of volume of stroke. Hie distance between 
piston and cylinder covers to be i inch at end of stroke. Find the volume 
occupied by each steam port. If steam be cut off at half stroke, find the 
true ratio of expansion. Am. 11*82 cubic feet ; ?i, or i«9a 

8. A non-condensing engine is using steam at 42 lbs. per square inch 
above the atmosphere— the length of the stroke is 6 feet, and steam is cut 
off at i stroke — ^aw an approximate diagram (scale ^) marking points of 
release and compression, and showing the direction of motion of the piston 
by arrows. Find by calculation the mean pressure. Ans, 24*9 lbs. above 
atmosphere, or 39*9 lbs. absolute. 

9. What is meant by the terms clearance and ciuhianing f At what part 
of the stroke does cushioning occur? Show by a diagram the manner in 
which the slide-valve produces cushioning. (S. and A. Exam. 1891.) 
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LECTURE XVII. 



Contents. — Indicator Diagram from a Condensing Engine with Defects 
— ^Nominal Horse-power — Indicated Horse-power ; with Formulae and 
Examples. 

In our last Lecture we gave an example of an indicator diagram 
taken from a non-condensing engine, and we also pointed ont the 
general effects produced on an indicator diagram by compression, 
lead, wire-drawing, and late or early release. We might multiply 
these examples to any extent by selecting specimens from atmo- 
spheric, single-acting non-condensing, compound, triple, and quad- 
ruple expansion engines ; but, in an elementary manual like this, 
all that we can reasonably expect to do is to give the student a 
correct idea of what a diagram is, how it is taken, and how it is 
used to find the horse-power in the cases of a non-condensing and 
a condensing engine respectively. Before explaining how to find 
the horse-power of an engine, we shall, therefore, consider a 
diagram taken from a condensing engine which presents a few 
defects. 

CO 




Zero Line 



Indicator Diagram fbom a Condensing Engine. 

First, — The lead is insufficient. This is seen by the sloping away 
of the admission line from the vertical at A. Had the valve been 
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set to give sufficient lead, the admission line would have coincided 
with the vertical dotted line, since the non-coincidence of these 
lines cannot be due in this instance to wire-drawing of the steam 
in the steam passages ; for when once the full pressure comes on 
the piston, it is fully sustained, as shown by the horizontal line, 
until the point of cut off at CO, where the usual wire-drawing is 
indicated by the rounded comer. 

Second, — ^The release takes place rather late, as shown at R, by 
the gently sloping down curve instead of by a more vertical one 
with sharper comer, and a vacuum line more parallel to the 
zero line. 

Third. — ^The compression is too little, as shown by the sharp 
corner at C. Had the exhaust been cut off sooner, or if more lead 
had been given to the valve, this corner at would have been 
much more rounded than it is. 

It will be observed that the vacuum line falls far below the 
atmospheric line, but not quite down to the zero line or perfect 
vacuum line. The vertical distance between the atmospheric line 
and the zero line is i inch, and this distance corresponds to a 
difference of pressure of one atmosphere, or 15 lbs. The nearest 
approach of the exhaust or vacuum line to the zero line is at the 
beginning of the compression comer at C, which measures ^", thus 
showing that the least back pressure during exhaust was about 
2 lbs. absolute, while at the bottom of the release comer, K, it 
measures -^ inch, or about 3 lbs. of back pressure. The initial 
pressure of the steam, as indicated by the vertical distance from 
the zero line to the horizontal line at CO, a distance of i|'', is 
about 28 lbs. absolute. The cut off takes place at about | of the 
stroke, but it is difficult to say precisely what its exact position is, 
owing to the round comer caused by wire-drawing, produced by 
the slowly closing slide valve. Had an instantaneous cut-off valve 
been used, the curve would have followed the dotted line. 

Horse-power. — The student is now in a position to understand 
how the horse-power of an engine may be calculated by aid of the 
indicator diagram. We have already explained the meaning of 
the units horse-power and foot-pound, but it will not be out of 
place to narrate briefly one version of the story as to how the 
former unit came to be used by engineers. 

Since the steam engines introduced by Watt were employed to 
a large extent in substitution for the work formerly done by horses, 
he found it necessary to be able to give his customers some idea of 
their capabilities ; or, in other words, to state how many horses his 
engines would relieve. Erom a number of experiments, it was 
found that an avei^e horse was capable of exerting a power 
equivalent to 22,000 foot-pounds of work per minute. Watt 
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determined to give thorough good value for the money paid for 
his engines ; consequently, he is reported to have decided to give 
them 50 per cent, more power than the power of an average horse, 
for each Nominal horse-power. He therefore added 1 1 ,000 f oot-lhs. 
to the 22,000 foot-lbs., which made 33,000 foot-lbs., and intimated 
that every horse-power developed by hia engines would be capable 
of exerting that amount of work per minute. 

What is, therefore, technically understood by engineers as a 
horwrpotoer, is the rate of doing work corresponding to 33,000 
foot-lbs. per minute, and the power of steam engines has ever since 
Watt introduced the term been calculated on this basis. 

Watt found that in his engines he usually obtained a mean 
effective pressure of about 7 llw. per square inch in the cylinder, 
and he estimated the power of his engines by assuming that value 
for the mean nett or effective pressure. The horse-power thus 
estimated he termed Nominal horse- power (N.H.F.), and in prac- 
tice that power was usually obtained. When, however, increased 
steam pressures came into general use, the mean pre&sure of steam 
in the cylinder could no longer be assumed at 7 lbs., and conse- 
quently the nominal horse-power was often far below the actual 
horse-power. In commerce, however, the term nominal horse- 
power had been so much used that commercial men understood 
the size, and therefore the value, of an engine much better when 
its nominal horse-power was spoken of than its actual power, and, 
therefore, the term was retained for a long time, and is even yet 
still used for some classes of engines, such as those used for agri- 
cultural purposes. As unfair competition often takes place between 
different manufacturers, owing to the use of this term, it is fast 
falling into disuse, and should be altogether abandoned, as mis- 
leading and worse than useless. 

The actual power exerted in the cylinder of an engine cannot 
be obtained until we know the mean effective pressure of steam 
in the cylinder. In order to ascertain this, we must take an 
indicator diagram from the cylinder by means of the indicator in 
the manner described in the last Lecture. The horse-power ob- 
tained by this means is termed the Indicated horse-power, and 
when the horse-power of engines is spoken of, it is the indicated 
horse-power which is understood unless otherwise stated, and the 
letters I.H.F. are placed after the amount. 

Kef erring once more to the indicator diagram described in the 
last Lecture at p. 146, the first thing to be done is to ascertain 
the mean pressure. This is done, as we saw in Lectures III. and 
XIII., by dividing the diagram into a number of equal parts, and 
measuring the various pressures at each point of division by means 
of the senile to which the diagram is traced. Engineers usually 
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divide indicator diagrams into 10 equal parts, by leaving half of a 
part at each end, as has been done in this instance. 

This method of dividing off the figure is the same as if we had 
divided the diagram into 10 equal parts, commencing with the 
line of admission, and then measured the height of the pressure 
ordinates midway between each division. The scale to which this 
diagram has been drawn is ^ inch = i lb. pressure, and the various 
pressures at each point of division have been printed opposite to 
them along the atmospheric line, then totalled, and the mean 
pressure found by dividing the sum by 10 (the number of parts). 
This gives a mean nett or effective pressure, in this instance, of 
43*5 lbs., with a constant back pressure of one atmosphere, or 
1 5 lbs., seeing that the exhaust line coincides with the atmospheric 
line. 

In Lecture XIII., p. 120, we explained that — 

TJu Work done m foot-lbs. in one stroke m a steam-engine cylinder 
= Mecm effective pressure in lbs, per squa/re inch (;?) x Length of 
stroke vnfeet (L) x Area of cylinder in squovre inches (A) — 

=p X L X A. 

Consequently, the work done in any number of strokes per 
minute (N) is simply the above qijumtity mvkvplied by N (or 
;?LAN), and, therefore, the horscrpower is this latter quantity 
divided by the value of a horse-powery or 33,000 foot-lbs. per 
minute. 

Or, to put it generally in the form of an equation or formula^ 

©LAN 

Indicated Horse-power = ^- 

^ 33,000 

This formula is easily remembered, since the numerator forms 
the simple word " ^LAN." It is, however, not a good " plan " to 
merely remember a formula, unless the complete reasons for the 
combination of the different steps by which the formula is arrived 
at are thoroughly understood; we therefore again remind the 
student that — 

Work dons by amy a^ent is = the resistance overcome {or effective 
pressure applied) x the distance through which it acts. 

Consequently, the work done upon a steam-engine piston every 
minute must be = ^A^ total effective pressure x the distance tra- 
velled by the piston every mirmte. 

Let p = the mean pressure of steam in lbs. per square inch. 

„ A = the area of the cylinder in square inches. 

„ L » the length of the stroke in feet. 

„ N = the number of strokes per minute = revolutions x 2. 

,, I.H.P. ^ the indicated horse-power of ^e engine. 
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Then, the total mean pressure on the piston = Ap, lbs. 

Also, the distance travelled by piston per minute = LN ft., 
And, therefore, the work done per minute = ApLN ft.-lbs. 

.-. TheI.H.P. =^^?I^. 

This formula is precisely the same as the one given above 
viz. — 

ZSyOOO 

the only difference being that the letters are placed in the natural 
order for following out the principle upon which the formula is 
based, whereas in the former case they were written in the order 
most likely to help the memory. 

EXAMPLE I. — ^Applying our formula to find the horse-power 
of the engine from the diagram at p. 146, and the data given there, 
we get — 

I.H.P. = ^^^^ = 1539 X 43'5 X 2 X 80 ^ 

The diagram only gives the mean pressure on one side of the 
piston; but in practice it is usual to take the mean of two 
diagrams — one taken from each end of the cylinder. If there be 
two or more cylinders, the power developed in each has to be 
added together, in order to obtain the total horse-power. 

In all practical cases, the area of the piston rod should be taken 
into account. For example, where the piston rod comes out at 
the crank end of the cylinder only, then — 
the nett area = total area of cylinder leas half the area of piston rod. 

When it protrudes at both ends, then — 

the nett area = total area 0/ cylinder less the area 0/ piston rod, 

EXAMPLE II. — ^What must be the diameter of a cylinder to 
develop 100 I.H.P. at 100 revolutions per minute, with steam 
giving a mean effective pressure of 33 lbs. per square inch, length 
of stroke 2 feet, and diameter of piston rod 2 J inches? 

Let A a= the gross area of piston, including piston rod, 
„ Aj = the nett area of piston, neglecting piston rod, 
„ Aj = the area of piston rod. 

„ d = gross diameter of piston, including piston rod. 
„ dj B the nett diameter of piston, due to area A^. 
„ dj = the diameter of piston rod. 

Fii'st, consider the case in which the area and diameter oi the 
piston rod are neglected. Here A^ represents nett area of piston. 
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Then by Formul*— 
LH.P-pLA,N . 
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33.«x> 
250 i- A, (area in sq. inches) 

.250-^' -7854^' . . 



Or, putting A, on one Bid»— 
. _ (LH,P)x 33,000 
^ i?LN 

A - 100x33,000 

33 X 2' X 100 X 2 
A| — 250 sq. inches 

-£?,»- 250 
4 



^i" >/3i8'32 — 17-8 inches 



.'. ^/3 18-32 — d| - I2;8 inches . . 

Then, 17*8 inches is the diameter of cylinder required, neglecting 
the piston rod. 

Second, consider the case in which the piston rod, 2^'' diameter, 
protrudes at each end. It is evident that the steam produces no 
propelling effect on the piston rod ; consequently, its area must 
be added to the area of the piston upon which the steam acts, in 
order to arrire at the gross area or practical diameter of the 
cylinder. 

The nett area of piston (as before) = A^ = — <^i*. 



The area of piston rod 
The sum of these areas 



4 

4 



But the gross area of piston = A » ZcP, 

4 4 

Divide both sides of equation by - , and we get— 

(^ = c?ia + (£,». 
d['=i7-8'+2'5' 

= 318-32 + 6-25 = 324-57. 
.'. d =^/324*57 = 18 inches. 

Or, we might have at once taken the nett area of the piston as 

lound before — viz., -^^'=250 square inches — and have added to 
4 

tbis the area of the piston rod, —^^a' = 7854 x 2*5^ = 4*9 square 

4 

inches, which gives a gross area =:-?c^= 254*9 square inches, and 
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from this total area found the diameter d by dividing by ^, and 

extracting the square root. 
Thus:— 

4 4 4 

= 250 square inches -f 4*9 square inches. 
= 254 square inches. 

:, d = ^ I ^x- = 18 inches, 

V 7854 — 

Thirds consider the case in which the piston rod protrudes only 
at one end, which is commonly the case with small engines. 

Here, in order to get the mean power developed from both ends 
of the cylinder, we would have to divide the area of the piston 
rod by 2, and mbtroust this mean area from the gross area of the 
piston ; consequently, to get the groas area of the piston from the 
given power and the other data, we hawe to add half th€ ar$a of 
the piston rod to the nett or effective area of the piston — 

Or, V = lrf«+1^. 

4 4 4x2 

„ =250 square inches + ^ square inches. 

2 
„ = 25 2 45 square inches. 

•'• ^ = A / ^ o = i7'9 inches. 
V 7854 ~ 

Or, ^ = e^i« + ^. 

. - 318-32^ ^-fS. 

.'. = ^321* = 17-9 inches. 

The difference between 17*9 and 17*8 inches may at first sight 
seem small and scarcely worth all this trouble, but the student 
must bear in remembrance that the horse-power varies directly as 
the nett area of the cylinder, and, consequently, as the square of 
the diameter, or as i7-9« to 17*8', which gives a difference of about 
I per cent. The difference of a tenth of an inch in the diameter 
would, therefore, mean a considerable difference in the horse-power 
in the case of large engines. 

In ordinary examination questions it is, however, not usual 
to i^tate the diameter of the piston rod, or to take any account 
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of its area when calculating the horse-power. To illustrate this 
fact, we select the first question from the 1888 Science and Art 
Examination Elementary Paper in " Steam^'' which we give 
verbatim. 

EXAMPLE IIL* — A winding engine performs 188,156 units 
of work per minute, and has a cylinder 20I inches in diameter, the 
stroke of the piston being 2 feet 10 inches, and the number of 
strokes per minute being 15. What should be the mean pressure 
per square inch exerted by the steam on the piston, neglecting loM 

of work by resistances t (Take «■ = — v 

7-) 
By formula for the principle of work, 

The work done per minute = 7?LAN. 
188,156 - ^ X 2^' X ^d^ X 16. 

188,156 =^x?ixtx??.x 20-6 x 20-5 x 16. 
'^ 12 4 7 

201-24 



P = 



n n f 



Note. — In such a question as this, involving as it does the multiplication 
and division of a large number of figures, the examiner would not expect 
candidates to find the exact result to many places of decimals by ordinary 
multiplication and division. He would, I believe, be better satisfied with, 
and give full marks for, an approximate answer, if the student showed 
that he thoroughly understood the principles involved in the question. 
Such examinations as that in " Steam " are rather for the purpose of drawing 
out the student's knowledge of principles of work and heat, &c., than of 
testing expertness and great accuracy in working out long arithmetical 
questions. Unfortunately, in this question the numbers are not very well 
suited for direct and exact cancelling ; but we observe that we may sim- 
plify the fraction considerably by dividing 12 in the numerator and 22 in 
the denominator by 2 ; also by dividing 4 and 34 by 2. Then 1 1 goes out 
of 188,156 and 17 out of this quotient, leaving 1006*2 in the numerator. 
Again, 3 will divide out of 6 in the numerator and 15 in the denominator. 



♦ There is one thing about this question which rather puzdes a prac- 
tical engineer— viz., How does the winding engine, having but one 
cylinder, get over the dead centres at a speed of only 15 strokes per 
minute? Surely 150 strokes per minute would be nearer the actual 
requirements. — A. X 
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and finally 5 will divide out of 1006*2 in the numerator and 5 in the deno- 
minator, leaving — 

8-05 

^ ; g0|-;^^x 2x2x7 

4-1 4-1 

Here, again, 5 will divide out of 201*24 ^^^ 20*5, and 5 will 
again divide out of 40*25 and 20*5, leaving — 

S'of; X 28 ,1 . V 

p = — ^ — — = 13*4 lbs. per square inch. 
4*1 X 4*^ *"^"" 

Students will find that they can arrive at the result much more 
rapidly, and with far less chance of making an error, by adopting 
the above " step by step " division or cancelling method in such 
questions, than by multiplying out all the figures in the numerator 
and in the denominator and then dividing by long numbers. 
Should they make a mistake anywhere, they will also find it out 
more easily. 

The advice which we have to give in connection with the solution 
of all elementary questions relating to work done per minute or 
horse-power is — 

First, — ^To state the question generally in the form of an 
equation, as we have done in each of these three examples. 

Second, — To substitute all the numerical values given in the 
question for their corresponding letters in the formula. 

Third, — ^To arrange the equation with the unknown quantity 
only on one side, and all the numerical figures on the other. 

Fov/rth, — ^To cancel out from numerator and denominator by 
easy steps, as we have done in the last case, and then reduce the 
simplified fraction to a whole number or decimal. 

Fifth. — Put down the result opposite to the letter corresponding 
to the quantity required, and mention the unit by which it is 
reckoned. 

We shall not enter here into all the necessary corrections 
required for clearance, back pressure, dry or wet steam, <kc., as a 
knowledge of these variations cannot be expected from first year 
or junior students. We here assume that the mean effective 
pressure is given, and that it has been found by the most accurate 
method, or, if it has to be found from the initial pressure, the point 
of cut off, and the stroke, that the method adopted by Watt and 
explained in Lectures XII. and XIIT., is followed by the student. 
Further, we have only space to make a passing remark to the 
effect that the *' Indicated Horse-power " does not represent the 
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nett or effective horse-power given off at the engine fly-wheel or 
crank shaft, for a certain percentage of the I.H.P. or horse-power 
developed in the cylinder is absorbed or spent in moving the 
engine itself. 

For example, in a first-class simple non -condensing en^e of the 
very best make, lo to 15 per cent, of the I.H.F. is thus absorbed 
when working at full power. In the case of a marine engine, if 
we include the whole of the pumps, shafting, and screw propeller, 
it is seldom that more than 50 per cent, of the I.H.P. is left free 
for the propulsion of the vessel, the other half of the power being 
absorbed in overcoming friction and in working the various parts of 
the engine and its attachments. This nett or effective horse-power 
is termed Brake Horse-power, and in the case of small engines up 
^9 ^7f 50 B.H.F., it can be easily ascertained by aid of an ap- 
paratus termed a Dynamometer. In regard to this, also, we must 
refer the student to Lecture XYI. of the author*s more advanced 
text-book. 
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Lbotusb XVII.— QuBSTioxra. • 

;r. Explain the difference between a non-condensing engine and a con- 
densing engine. Show by a diagram that more work is obtained from a 
given quantity of steam in the latter class of engines. 

2. Draw the normal indicator diagram of a condensing engine, and trace 
the changes in outline produced by the principal oanses which may, in 
practice, detract from the efficiency of the engine. 

3. The piston of a steam-engine cylinder is 40''diameter, and the stroke 3^ 
while the mean effective pressure is 26 lbs. per square inch. Find tiie work 
done in foot-pounds in each revolution of the crank. ^119. 196,030 foot- 
pounds. 

4. Define the horse-power of an engine. Explain the method adopted for 
measuring the work actually done in the steam cylinder of an engine. 
Write down the formula by which the horse-power of an engine is 
obtained. 

5. In a steam engine the diameter of the steam cylinder is 50 inches, the 
length of stroke is 7 feet, the number of revolutions is 25 per minute, and 
the mean effective pressure of the steam is 11*3 lbs. Find the horse-power 
of the engine. Ant, 235*3 

6. In a beam engine the total mean pressure of the steam on the piston 
is 20 tons, and the length of the crank is 2} feet ; what is the horse-power 
when the crank shaft makes 30 revolutions per minute 7 Ana. 407*2. 

7. The cylinder of a steam engine is 3 feet 6 inches in diameter, the 
length of stroke is 5 feet, and the crank makes 30 revolutions per minute ; 
what is the I.H.P. of the engine, the mean effective pressure of the steam 
in the cylinder being 10 lbs. on the square inch 7 Ans, 126. 

8. What would 1^ the indicated horse-power of a high-pressure, non- 
oondensing steam engine, in which the mean effective pressure of the steam 
is 25 lbs. per square mch, the diameter of the cylinder 10 inches, and the 
length of stroke 18 inches, when running at 120 revolutions per minute 1 
(8. and A. i887 Exam.) Ans. 21.42 H. P. 

9. What diameter of cylinder will develop 50 I.H.F. with 4 feet stroke, 
40 revolutions per minute, and a mean effective steam pressure of 30 lbs. 
per square inch. Ant. 14*78 inches. 

10. The diameter of a cylinder of a non-condensing engine is 18 inches, 
the length of stroke is 2 feet 6 inches, the mean pressure of the steam is 
90 lbs. on the square inch above the atmosphere. Find the number of re- 
volutions per minute when the engine develops 27 H.F. (S. and A. 1888 
Exam.) A.n8. 70 strokes, or 35 revolutions. 

11. What if the horse-power of an engine whose cylinder is 5' 3" dia- 
meter, stroke 48", mean effective steam pressure on piston 17*5 lbs. per 
gqnare inch, and revolutions 57 per minute. ^119. 753 'o- 

12. The diameter of the cylinder of an engine being 53 inches, the stroke 
5 feet| and the number of revolutions 30 per minute, find the mean pressure 
of the steam to develop 600 indicated horse-power. Ans, 29*9. 

13. Find the length of stroke in the case of a pair of horizontal marine 
engine cylinders, each 5^ 5' diameter, mean effective pressure 20 lbs. per 
square inch, working at 45 revolutions per minute, and developing 905 
I.H.P. Ans. 2' 6", u « X, . 

14. The two cvlinders of a locomotive engine are each 17 Incnes m 
diameter, and the length of stroke is 24 inches, also the driving wheel makes 
100 revolutions per minute^ and the mean effective preesure of the steam is 

80 lbs. Find the horse-power. Ans. 440*3- 



« 8ee Appendix tot mvn rec6ut & ft A. Questions. 
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15. The area of the piston of an engine is 3 square feet, the pressure of 
the steam is 15 lbs. per square inch above the atmosphere on admission, 
and the steam is out off at i of the stroke ; the crank shaft makes 40 revo- 
lutions per minute, and the length of the stroke is 3 feet. Find the I.H.P. 
Am. Exhausting at zero-pressure = 65*9. 

16. The cylinder of an engine is 3 feet 6 inches in diameter, the stroke is 
5 feet, and the steam is cut off at i of the stroke. If steam be admitted 
into the cylinder at 45 lbs. pressure, find the work done in one stroke. 
Afu, 218,061 foot-pounds. 

17. Steam enters a cylinder at 80 lbs. absolute, and is cut off at i of the 
stroke. The diameter of the piston is 40 inches and the length of streke 
5 feet, the number of revolutions being 50 per minute. If the back pressure 
be 3 lbs. absolute, find the horse-power of the engine. Arts, 1009 I.H.P. 

18. Find the H.F. of a locomotive engine which can draw a train weighing 
100 tons (including its own weight) along a level road at 30 miles per hour, 
the train resistance being taken at 10 lbs. per ton of load. Ana, 80. 

19. The cylinder of a single^cting pumping engine is 72 inches in 
diameter with a stroke of 10 feet, and it works a pump whose plunger is 
23 inches in diameter with a stroke also of 10 feet. The load is 142 lbs. 
per square inch of the area of the plunger. Find the mean pressure of 
the steam per square inch of the piston and the horse-power when the 
engine makes 8 strokes per minute. Ans. 14*49 l^s. H.F. = 143. 

20. An engine is competent to raise 70 millions of pounds through one 
foot by the burning of 1 12 lbs. of coal ; how many pounds of coal does it 
consume per horse-power per hour 7 Ans. 3*17 lbs. 

21. An engine develops 250 I.H.P., and its boilers require 9 t<Mis of 
coal every 24 hours. Find the consumption per horse-power per hour. 
Am, 3*36 lbs. 

22. A pair of marine screw engines have a mean effective pressure in each 
cylinder of 107 lbs. per square inch, the stroke is 45 inches, the revolutions 
45 per minute, and coal is consumed at the rate of 32 cwts. per hour, or 
2*26 lbs. per I.H.P. per hour. What is the diameter of each cylinder f 
An8,q6 inches. 

23- Taking sieam at 45 lbs. pressure above that of the atmosphere 
(which is taken at 15 lbs.), sketch three diagrams showing the amounts 
of work obtained from a given weight of steam — (i) When used in an 
engine without expansion or condensation ; (2) When the steam is cut off 
at half -stroke, but not condensed ; (3) When the steam is cut off at half- 
stroke with condensation. (S. and A. Exam. 1890.) 

24. The diameter of a steam cylinder is 24 inches, the number of 
revolutions =30, and the mean effective pressure of the steam =J5 lbs. 
What should be the length of stroke in order that the H.P. may be 50? 
(S. and A. Exam. 1890.) Ana. 1*73 feet. 

25. The piston rod of a steam cylinder and the piston rod of a blowing 
cylinder are each connected to the opposite ends of a working beam. The 
steam cylinder is 55 inches in diameter, with a stroke of 13 feet, and the 
blowing cylinder is 144 inches in diameter, with a stroke of 12 feet ; sketch 
the arrangement. What pressure in the steam cylinder will balance an air 
pressure of 3 lbs. on the square inch above the atmosphere in the blowing 
cylinder 7 (S. and A. Exam. 1890.) Am. 19 lbs. per square inch, nearly. 

26. What diameter of cylinder will be required to develop 50 horse 
power in a non-condensing engine which has a stroke of 4 feet, and makes 
45 revolutions per minute when working with a mean effective pressure of 

30 lbs. above the atmosphere T I Take r « — 1. (S. ft A. Exam., 1893.) 
Ans, 13*9 inches. 
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LECTURE XVIII. 

CoNTBNTS. — ^The Difference between Newcomen's Atmospheric Engine and 
Watt's Single-acting Engine — The Difference between a Condensing 
and a Non-condensing Engine — The Difference between a Single-acting 
and a Double-acting Engine. 

We now enter upon the descriptive part of our Elementary Course 
on " Steam and the Steam Engine/' and begin by clearing up a 
few points of distinction between different types of engines. 

The following questions naturally occur to students when com- 
mencing a study of the steam engine : — 

(i) What is the difference between Newcomen's Atmospheric 
Engine and Watt's Single-acting Engine 1 

(2) What is the difference between a Condensing and a Non- 
condensing Engine t 

(3) What is the difference between a Single-acting and a 
Double-acting Engine ? 

(4) What is the difference between a Simple Expansion, a 
Compound, a Triple Expansion, and a Quadruple Expansion 
Engine 1 

We shall endeavour in this Lecture to answer the first three 
of these questions, and devote the next Lecture to the fourth 
question. 

Answer to Question (i). — The various points of difference in 
the mechanical arrangement of the parts between NewcomerCa 
Atmospheric engine and Watia Single-acting engine will be best 
understood by comparing the two following figures and the in- 
dexes to parts. The chief difference, however, consists in the 
manner by which the steam is applied and condensed. 

In Newcomen's engine, steam is admitted direct from the boiler, 
B, through the steam valve, S V, until it fills the cylinder, C, with 
steam at boiler pressure. A jet of cold water is then let into the 
cylinder through the injection cock, I C, which creates a partial 
vacuum, and permits the pressure of the atmosphere to act directly 
on the uncovered piston, P, and to force it down to the bottom of 
the cylinder — the piston, P, being attached to one end of the 
wooden beam, W B, by the piston rod, P K, and a chain, while 
the other end of the beam is connected by a chain to the 
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mmmm 

Newcomen's Atmosphebic Engine, 17 12. 



F 


for Furnace. 


M P for Mine pump. 


B 


,, Boiler. 


LP „ Lift pump. 


GP 


„ Gauge pipes. 


C W T „ Cold-water tank. 


SV 


„ Steam valve. 


WT „ Water tap to top of piston 


c 


„ Cylinder. 


I C ,, Injection cock. 


p 


„ Piston. 


R V „ Relief or snifting valve. 


PR 


„ Piston rod. 


E P „ Eduction pipe. 


WB 


,, Wooden beam. 


F W T „ Feed-water tank. 



W P R „ Weighted pump rod. 
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Watt's Single-acting Engine, 1769. 



F 

D 

B 

FWP 

GP 

SP 

V, 

^: 

c 

SJ 

cc 

G 
P 
PR 



for Furnace. 

„ Damper. 

Boiler. 

Feed water pipe. 
Gauge pipes. 
Steam pipe. 
Steam valve. 
Equilibrium valve. 
Exhaust valve. 
Cylinder. 
Steam jacket. 
Cylinder cover. 
Gland and stuffing box. 
Piston. 
Piston rod. 



W B for Wooden beam. 

A „ Axis. 

W P R „ Weighted pump rod down 

to bottom of mine. 

E P „ Exhaust pipe. 

J C „ Jet condenser. 

I C „ Injection cock. 

C W P „ Cold-water pump. 

A P „ Air pump. 

S V „ Snifting valve. 

FV „ Foot valve. 

D V „ Delivery valve. 

HW „ Hot well. 

F P „ Feed pump. 

SW „ Stonework. 
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weighted pump rod, W P E, leading down to the pump bucket 
in the mine pump, MP. The forcing down of the piston on 
the one side naturally elevates the mine-pump bucket with a 
quantity of water at each stroke. The return, or up stroke, of 
the piston is performed entirely by gravity, since the pump rod, 
<&c., on the one side of the beam, being considerably heavier than 
the piston, &c., on the other side, overbalance the piston, <fcc. We 
therefore see that in this old and now discarded form of steam 
engine, the pressure and elastic force of the steam were not taken 
advantage of in working the engine, for the steam was only 
employed to produce a vacuum. The waste of steam through 
initial condensation, due to its entering a cold unprotected 
cylinder, was verjfc great. 

In Watt's Single-acting engine the method of attaching the 
piston and the pump rod to the beam was similar to that adopted 
by Newcomen, but there was a considerable improvement in his 
manner of applying and of condensing the steam. The cylinder 
was protected by a steam jacket all round it, from top to bottom, 
to keep it warm. The pressure and the elastic force of the steam 
were employed in forcing down the piston in addition to the 
atmospheric pressure, and the steam was condensed in a separate 
vessel, J C, termed by him the " jet condenser." 

The action will be easily understood from the following in- 
structions as to 

How to Start Watt's Single-acting Engine : — 

First, — Blow through the cylinder, C, and condenser, J C, by 
opening all the valves, Vj, V„ V,. This permits steam from the 
boiler, B, to expel the air from the cylinder, steam passages, and 
condenser. 

Second, — Shut valve, V„ and open the injection cock, 1 0. This 
creates a vacuum below the piston by condensing the steam in the 
condenser and cylinder, and at the same time it permits the steam 
from the boiler to force the piston down to the bottom of the 
cylinder. 

Third, — Close valves, V^ and Y„ and open V,. This shuts off 
the boiler and the condenser connections from the cylinder, and 
simply allows the steam which had forced down the piston to pass 
(through valve V^) underneath it, so as to create an equal steam 
pressure on each side of the piston, when the weighted pump rod, 
&c., W P R, brings the piston to the top of the cylinder. 

The second and third operations are performed automatically 
whenever the engine has got fairly started, and the air pump, A P, 
clears the condenser of aqueous vapour and water so as to keep up 
the vacuum. 

Answbk to Question (2). — A Condensing iSr'w^me is one in which 
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the steam (after acting upon the piston, and forcing it from 
the beginning to the end of a stroke) exhausts into a separate 
chamber, and there becomes condensed into water, whereas, in 
a N(m-condensi7vg Engme^ it exhausts directly into the atmo- 
sphere, or into a receiver where. the pressure is greater than 
that of the atmosphere. 

In a condensing engine, the more rapid and perfect the trans- 
formation of the exhaust steam into water, the better will be the 
vacuum on the side of the piston from which the steam is exhaust- 
ing, and consequently the less will be the back pressure. In the 
case of a non-condensing engine, the back pressure can never be 
less than the atmospheric pressure at the time, however free the 
exhaust ; and, when exhausting into a receiver, the back pressure 
will be inversely as the volume of the receiver. 

Watt's single-acting and double-acting engines, illustrated in this 
Lecture, are examples of old types of condensing engines, and the 
low-pressure cylinder of the s.s. St, EognvaMs compound engines is 
an example of a modern one. The working model illustrated in 
Lecture XIV., and an ordinary locomotive engine, are examples 
of double-acting non-condensing engines, while the Westinghouse 
engine (see next figure) is a single-acting one, each of them ex- 
hausting directly into the atmosphere. The high-pressure cylinder 
of the S.S. St. Rognvald^a engines affords an example of a modern 
double-acting non-condensing engine exhausting into a receiver, 
where the back pressure is several pounds above the atmospheric 
pressure. 

Answer to Question (3). — A Single-acting Engine is one in 
which steam pressure is applied to one side of the piston only, 
while a DoMe-acting Engine is one in which steam is applied to 
each end alternately, for the purpose of forcing it from the begin- 
ning to the end of a stroke. 

Both single-acting and double-acting engines are made either of 
the condensing or the non-condensing type. Wait's single-acting 
engine, illustrated by the last figure, is an example of the old and 
now obsolete type of condensing single-acting engine, whereas the 
Westinghouse fast-speed engine, illustrated in the following figure,* 
is an example of a non-condensing single-acting engine, much used 
at the present day for the purpose of driving dynamos, mill-rolls, 

* There are two single-acting cylinders, with a piston valve between 
them, which admits steam alternately to each cylinder. The pressure on 
the crank pins is always in one direction, and the speed varies from 
300 revolutions per minute in the larger engines to 800 revolutions in the 
smaller ones. The crank is kept thoroughly lubricated by working in the 
oil bath, 0, and the oil flows up the centre of the connecting rod to lubricate 
the piston pin, 6. 
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fans, and special machines, where a uniform high speed is required 
at a particular spot, and where large floor space cannot be afforded. 




The Westinghouse Fast Speed Single-acting Engine as made 
BY Messbs. Alley and MacLellan, Glasgow, 1888. 

Cboss Section thbough One Cylindeb. 

Index to Parts. 



A for Cylinder. 

J ,, Cylinder cover. 

D ,, Cylinder piston. 

F ,, Hollow connecting rod. 



P for Crank pin. 

X „ Crank balance weight. 

C „ Oil chamber. 

h „ Hand hole. 
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As an example of the first successful double-acting engine, we 
herewith illustrate Watt's engine patented in 1784 (see p. 172). 
The student will understand the general arrangement by com- 
paring the drawing with the index to parts ; but in order that he 
may thoroughly understand the points to which we wish here 
particularly to draw his attention, we give a cross section of the 
steam and exhaust pipes, showing how the steam enters and 
leaves the top steam port, SP^, and the bottom steam port, SP,. 
It will be observed that there are two steam valves, V, and 



V3, and 
four 



two exhaust valves, V, and V^ ; also, that all the 




valves are automatically opened and shut at the proper 
times by their respective levers. These levers are actuated by 
projecting pins fixed to the tappet rod, 
T R, which is moved up and down by 
the metal beam, M B. The two steam 
valves, Vj and V3, open the communica- 
tion between the steam pipe, SP, and 
their respective steam ports, S Pj and 
S Pj, leading to the top and to the bottom 
of the cylinder. The two exhaust valves, 
Vj and V^, open ' communication between 
the top and bottom of the cylinder re- 
spectively, and the exhaust pipe leading 
to the condenser. 

How to Start Watt's Double-acting 
Engine : — 

First — Blow through, so as to clear 

the cylinder, exhaust pipes, and condenser Side View op Steam 

I. . V • n A 1 -^ -tT AND Exhaust Pipes FOE 

of air by opemng aU the valves, V,, V,, ^^^^,g Double-acting 

^8? ^4* Engine. 

Second. — Suppose the pistou to be at 
the top of the cylinder, shut valves, V^ and V3, and open the 
injection cock, I C. This admits a .jet of cold water into the 
condenser, and, therefore, condenses the steam below the piston, 
while, at the same time, valves, Vj and V^, being open, the steam 
from the boiler presses the piston downwards. 

Third. — When the piston reaches the bottom of its stroke, shut 
valves, Vj and V^, and open valves, V^ and V,. This permits 
steam to enter the bottom of the cylinder from the boiler, and at 
the same time to exhaust from above the piston into the con- 
denser. 

The second and third operations are automatically performed by 
the tappet rod and levers as soon as the engine gets fairly under 
way. 



Digitized by VjOOQ IC 



172 



LECTURE XVIII. 




Watt's Double-acting Engine, 1784. 



SP 


for Steam pipe. 


H 


for Handle. 


TV 


„ Throttle valve. 


AP 


„ Air pump. 


G 


„ Governor. 


HW 


,, Hot well. 


VpV, 


„ Steam valves connected 


IP 


„ Feed pump. 




by a pipe. 


CV/P 


,, Cold-water pump. 


V,, V,, 


,, Exhaust valves also con- 


P 


,, Piston. 




nected by a pipe. 


PR 


„ Piston rod. 


TR 


„ Tappet (or plug) rod. 


PM 


„ Parallel motion. 


C 


,, Cylinder, 


MB 


,, Metal beam. 


SJ 


„ Steam jacket. 


CR 


,, Connecting rod. 


EP 


,, Exhaust pipe. 


S & P M „ Sun and planet m( 


JC 


„ Jet condenser (separate). 


MS 


„ Main shaft. 


IC 


„ Injection cock. 


FW 


„ Fly-wheel. 
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Lbctube XVIII.— Questions.* 

1. Explain the difference in the method of applying steam to New- 
comen*s Atmospheric Engine and to Watt's Single-acting Engine. 

2. Make an outline sketch of the cylinder, piston, and valves connected 
therewith, in Newcomen*s engine ; and by the side of it make a second draw- 
ing of the cylinder, piston, and valves, as altered by Watt. State briefly 
the nature of these alterations, and mention the additional parts necessaif 
for the working of Watt's eng^e, but not shown in your drawing. 

3. Sketch a vertical section through the cylinder and piston of New* 
comen's pumping engine. Where was the cold water for condensatior 
admitted 7 What was the object of the snifting valve, and where was it 
placed 7 How was the condensing water got rid of, and prevented from 
returning into the cylinder ? (S.and A. Exams. , 1888, and similar one in r88g.) 

4. Explain, with a sketch. Watt's invention of a separate condenser and 
air pump, as applied to a single acting steam engine 7 State the several 
improvements effected by Watt on Newcomen's engine. 

5. What is the principle of the single-acting engine 7 Draw an outline 
section through the cylinder and valves, &c. Name the valves, and explain 
their action, also the order of opening and shutting them when starting the 
engine. 

6. In improving; the old atmospheric engine. Watt laid down the rule 
that the cylinder In which the steam did its work should be kept as hot as 
the steam which entered it. What special provisions did he make for 
oarrying out this rule 7 Explain your answer by referring to such sketches 
M may be required. 

7. Name the three principal valves connected with the steam cylinder 
of a single-acting pumping engine. State which are opened and which 
dosed-HCi) when the piston is at the top of the cylinder and beginning to 
descend ; (2) when the piston is at the bottom of the cylinder and beginning 
to ascend. 

8. What is the difference between a condensing and a non-condensing 
engine 7 

9. What is the difference between a iingle^ and a dotthle-acting engine 7 
For what kind of work are single-acting condensing engines commonly 
used 7 Why is it the practice to employ three separate valves for dis- 
tributing the steam in such an engine when one valve, properly constructed, 
will suffice in a dauble-ajoting engine 7 Name the valves, and mention the 
particular purpose for which each is required. (S. and A. Exam., 1888.) 

10. Describe, with sketches, the alterations made by Watt in order to 
convert a single-acting into a double-acting engine. (S. and A. Exam., 
1889.) What is the object of the equilibrium valve in a single-acting 
engine 7 During what portion of the stroke is this valve open f 

11. In adapting the steam engine for driving machinery. Watt employed 
a steam cylinder with four valves for distributing the steam. Sketch a 
section through the cylinder of an engine of this kind, showing the 
valves, together with the steam and exhaust passages. Mark the ^ves 
by letters, and mention the order in which they are respectively opened 
and dosed. (S. and A. Exam., 1887.) 

12. For what kind of work are single-acting non-condensing engines 
used at the present day 7 Give a free-hand sketch through the cylinder 
and crank 01 such an engine, with an " index to parts,'^ using the first 
letter of the word or words to indicate the parts. What advantages are 
claimed for such engines when running at a very high speed, and why T 

* S.c Appendix for other Hist. iri-al Q :\^!ian%. 
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LECTURE XDL 

CONTBNTS.— The Differences between a Simple Expansion, a Componnd, 
a Triple Expansion, and a Qnadraple Expansion Engine— Reasons for 
the Increase of Economy obtained bj using High-pressore Steam and 
Multiple Expansion. 

I. A Simpie Expcmdon En^ne is one in which the steam does 
work in a cylinder by expansion^ and then exhausts directly into 
the atmosphere or into a condenser. (See first figure next page.) 
There may be one or two or more cylinders connected to one 
crank shaft, each cylinder receiving steam direct from a boiler or 
boilers. Each cylinder, with its necessary parts, forms a complete 
simple expansion engine. 

2. A Campotmd Engine is one in which the steam, after having 
done a certain amount of work in a high-pressure cylinder, 
exhausts into a larger low-pressure cylinder, where it does further 
work ; and from this latter it exhausts into the air (if of the 
non-condensing compound type), or into a condenser (if of the 
condensing type). Or, there may be one high-pressure cylinder 
exhausting into two low-pressure cylinders, or two high-pressure 
cylinders exhausting into one or into two low-pressure cylinders. 
The combinations may be varied to suit circumstances, but the 
principle of the compound action remains the same — viz., steam 
direct from the boiler doing work in one or more small cylinders, 
and then giving out further work in one or more larger cylinders 
before exhausting into the air or into a condenser. The object is 
to split up the fsdl in temperature of the steam between that due 
to the boiler pressure and the final exhaust pressure into two 
stages, instead of effecting it at one stage, as in the simple ex- 
pansion engine. 

3. A Triple Expansion Engine is one in which the steam gives 
forth work in three successive cylinders, or sets of cylinders, 
before finally exhausting into the air or into a condenser. Here 
the fall in temperature between that corresponding to the boiler 
pressure and the final exhaust pressure is split up into thr^ 
stages. 

4. A Quadruple Expansion Engine is one in which the steam 
gives out work in four suocesaiye cylinders, or sets of cylindersi 
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before finally ezhansting into the air or into a condenser. Here 
the fall in temperature between that corresponding to the boiler 
pressure and the final exhaust pressure is split up into /our 
stages. 

There is a great variety of ways in which the cylinders or sets 
of cylinders may be arranged ; but we have sketched these four 
types of engines in the last set of figures in what appears to be the 
most common and simple arrangement, without attempting to 
illustrate the valve gears by which the steam is admitted to, and 
exhausted from, the cylinders. The figures must, therefore, be 
considered merely as illustrating the difference, in principle^ 
between the various types, and not as representing exact worlong 
drawings. 

Referring to the four figures, we see that Oj, C„ 0„ C^ndicate 
the various cylinders; Pj, P„ P„ P^, the pistons ; P Rj, P E.,, J? R,, the 
piston rods ; S P^, S P,, the steam ports leading from the boiler to 
the first cylinder ; E Pj, E P„ the exhaust pipes leading from the 
last or low-pressure cylinder to the air or to the condenser, 
according as the engine is of the non-condensing or condensing 
type. The other intermediate steam and exhaust pipes, along 
with the arrows, clearly indicate where the steam enters and 
exhausts from each of the other cylinders. The keen competition 
amongst shipowners has had the effect of stimulating engineers to 
produce marine engines which should develop the required horse- 
power with less coal and occupy less space ; hence, the primary 
cause for the changes from the simple expansion to the com- 
pound, to the triple, and, finally, to the present, the quadruple 
expansion type, with a gradual increase of pressure prior to and 
leading up to each change. 

From the commencement of steam navigation until about 
1868, the simple condensing engine was universally used, with 
a slow but constant increase of pressure from 3 lbs. or 4 lbs. 
above the atmosphere to 30 lbs., and a corresponding decrease 
in the consumption of coal from 10 lbs. per hour per indi- 
cated horse-power to 4 lbs. These simple condensing engines, 
in many instances, occupied more than double the space that 
quadruple engines, of the same power, at the present day 
occupy. After the successful introduction of the compound type, 
about twenty years ago, hj Messrs. Randolph h Elder, of 
Govan, the pressure gradually rose to 90 lbs. or 100 lbs., with an 
average consumption of albs, to 3 lbs. of coal, until 1881, when 
Mr. A. 0. Kirk, of Messrs. Robert Napier & Sons, of Glasgow, 
produced the triple expansion engines for the s.s. Aberdeen^ using 
steam of 125 lbs. Since that date until 1886, the pressure rose 
with triple expansion to 150 Iba, and a decrease in the consump- 
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tion to i^ lb. of coal, when Messrs. Eankin & Blackmore, of 
Greenock, constructed the engines and boilers for the steam 
yacht Rionnag-na-Mara, using steam of 160 lbs., with a mean 
consumption at sea of 1*43 lb. of average coal« Now pressures 
of 1 80 lbs. are becoming common, and no doubt the average con- 
sumption will soon be reduced to i^ lb. of coal per hour per 
indicated horse-power. 

The stadent will, however, naturally ask for the reasons for 
this increased economy with higher pressures, and also why it 
can be better effected with two, three, or four stages of expansion 
than with what, at first sight, might seem simpler and better — 
viz., one stage, as in the simple expansion engine. If he will 
1 refer beick to Lectures IX., X., and the Table, p. 10 7, he will see 
•that to raise i lb. of water from 32* F. to 212* F., and to convert 
iit into steam at atmospheric pressure, requires 1146 units of 
iheat ; whereas it only takes 1191 units to raise it from 32° F. to 
.358' F., and to produce steam of 150 lbs. per square inch, or merely 
the addition of 45 more units of heat. 

Consequently, as 1146 : 1191 : : 100 : x ; .-. a; = 4. 

or, only about 4 per cent, more coal will be required to produce 
steam of 150 lbs. pressure than would be required to generate 
steam of atmospheric pressure. Again, the work got out of a 
pound of steam depends directly on the difference of temperature 
between the pressure at which it enters and exhausts from the 
engine.* Suppose, then, the temperature of the exhaust to be 
100° F., we see that, with a simple condensing engine using steam 
at atmospheric pressure, the fall of temperature ranges from 212* 
to 100*, or through 112°, whereas with, say, a triple expansion 
engine using steam of 150 lbs. pressure, the fall in temperature 
ranges from 358* to 100°, or through 258* F. Without going 
into the calculation, which must be left for the more advanced 
student, we may here state generally that, by adopting the higher 
pressure, we should get more than double the work out of the 
same weight of steam by using it at 150 lbs. pressure instead of at 
the atmospheric pressure ; and, as we have just seen, we should 
only require to burn about 4 per cent, more coal ; besides, with a 
very great reduction in the size of the engine, it would suffice to 
develop the same horse-power. 

* The Engineer of August 24, 1888, p. 162, in reviewing the third edition 
of the author's senior Text-book on Steam and Steam Engines, criticizes this 
statement, and says that '* it will probably soon be recognized that the 
^reat actual efficiency of high-pressure steam is due to the fact that at the 
higher pressures the work represented by the expanding steam is more 
nearly proportional to the units of heat used than at the lower pressures." 
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The reasons generally given why this economy cannot be effected 
in one cylinder are, that at every stroke the inside of the cylinder 
would be put into direct communication with the condenser, and 
its temperature thereby lowered to nearly the same temperature 
as the condenser ; consequently, if fresh steam of a high tempera- 
ture (say, that corresponding to 150 lbs. pressure, or 358* F.) were 
introduced into a cylinder of little over 100° F., a very large 
quantity of the steam would be immediately condensed, and we 
should have the same evil — only to a less degree — as that 
which occurred in the case of Newcomen's engine, referred to in 
the last Lecture. If we, however, split up the fall in temperature 
of the steam into three or four stages, by causing it to do work in 
three or four successive cylinders — say, a fall of from 358° to 300* 
in the first, from 300* to 250° in the second, from 250° to 212'' in 
the third, and from 212° to 100* in the fourth — then we see that 
it is only the last cylinder which comes into direct communication 
with the condenser. The range of temperature in the first cylinder 
is only 50°, so that the amount of initial condensation will be 
very considerably reduced. Further, if we attempted to develop 
the necessary power in one or more long simple expansion cylin- 
ders, the cut off would have to be very early, to permit of the 
expansion reducing the temperature from 358* to 100*. The 
range of pressure would also be very great, and all the parts 
would have to be made sufficiently strong to withstand the high 
initial pressure. This would necessitate an inconveniently long 
stroke and a heavier engine to develop the same power. 

Engineers have, in all probability, not reached the limit of 
pressure that can be safely and economically used; but the 
problem is becoming more and more difficult, whilst, for many 
reasons, the gain in coal, space, and first cost is proportionally 
less. 
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Lecturb XIX — Questions. 

1. Define the difference between a simple expansion eng^e, a com- 
pound, a triple, and a quadruple expansion exigine. 

2. Sketch the general arrangement of cylinders for these four types of 
engines, and trace the directions followed by the steam without attempting 
to show the actual positions of valves used. 

3. Give reasons for the increased economy derived from using steam of 
high pressure and multiple expansion in several cylinders. 

4. Why have engineers preferred to adopt compound, triple, or quad- 
ruple expansion cyHnders instead of single cylinders, each receiving steam 
of high pressure, and exhausting into the air or into a condenser 7 

5. The cylinders of the engines in the s.s. Aherdeen are 30", 45", and 70" 
diameter respectively, by 4' 6" stroke. Find the areas and the volumes of 
each cylinder, and the ratio of the area of the low-pressure cylinder to the 
high and to the intermediate. Suppose the steam to be cut off at half 
stroke in each cylinder, by how many times does it expand 7 Ans. The 
areas of the three cylinders are respectively 706*9, 1590, and 3848*5 square 
inches. The volumes are respectively 38,173, 85,860, and 207,819 cubia 
inches. The steam expands 10 '8 times. 

6. Explain the difference between— (i) A simple non-condensing engine ; 
(2) A compound double cylinder condensing engine ; (3) A triple eicpansion 
engine ; and mention some of the advantages of each type of engine. 
(S. & A. Exam., 1894.) 

7. What is the difference between a simple non-condensing engine, a 
condensing engine, and a compound non-condensin? engine? Describe, 
with a sictional sketch, the arrangement and action of Hornblower^s 
compouLd engine. You may take either the single or double acting 
engine. (S. & A. Exam., 1893.) i^^^ description of Hornblower's engine 
see the Author's ** Text Book on Steam and Steam Engines," p. 18.) 

8. Explain the difference between a simple non-condensing engine, a 
condensing engine, and a compound non- condensing engine. Give outline 
sketches of the general arrangement in a horizontal engine of each of the 
three classes. (S. & A. Exam. 1896.) 



Digitized by VjOOQ IC 



( i8o ) 



LECTUBE XX. 

Contents. — General Description and Detailed Index to Parts of the 
s.s. St. BognvakTt Engines. 

Hayinq described the main features of distinction between con- 
densing and non-condensing, single-acting and double-acting, 
simple, compound, triple, and quadruple expansion steam engines, 
we are now in a position to explain in detail a modern engine. 
Of the great variety at our disposal, we prefer to select a com- 
pound marine engine ; because, if the student masters the con- 
struction and action of this type, he will have very little difficulty 
in understanding any ordinary land engine, simple or compound. 
Greater ingenuity has been displayed by the designers and makers 
of marine engines than by any other class of engine designers 
and makers, in perfecting and arranging details as well as in 
economizing fuel — from the fact, that the space and position 
allotted to the marine engine are limited, and every ton of coal 
saved means a ton of freight earned as well as a saving of expense 
in firing, and, in many traders, of time in stopping to coal at 
different ports. 

The following sectional front and side elevations, and plan, 
drawn to a scale of T^^th, illustrate the engines of the s.s. 
aS'^. EognvcUd, one of the most successful steamers belonging to 
the North of Scotland, Orkney, and Shetland Steam Shipping Com- 
pany, designed and made by Messrs. Hall, Russell, & Co., Aber- 
deen. In the following Lectures we shall illustrate and describe 
a number of the most important details of these engines as well as 
the boilers, in order that the student may have a comprehensive 
and accurate account of one complete set of engines, in preference 
to a mixture of a variety of different types. Before reading over 
the following general description, the student should carefully 
compare the *^ index to parts" with the drawings, in order to be 
the better able to understand the explanation. 

General Desoription of the b,b. " St. BognTald's " Sngines. 
— ^The high-pressure cylinder is 36 inches diameter, and the 
low-pressure cylinder 70 inches diameter, both with a stroke 
of 4 feet. 

At the trial trip the engines developed as follows;-^ 
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Berolnffoni 
per minute. 


steam In lbs. 
per square inch. 


Vacanmin 
Inches. 


Indicated 
Horse-power. 


72 

70 
64 . 


: n : 

72 


24 

24 

. 24-5 . 


1536 



Course of the Steam. — The steam enters the valve casing of the 
high-pressure cylinder by the stop valve, S V, and throttle valve, 
TV, and is then admitted to that cylinder by the slide valve, 
S V,. Full steam is admitted to the cylinder for a portion of the 
stroke, until the expansion valve cuts off the supply. After this 
point, the work of moving forward the piston is performed by the 
expansive force of the steam, and the steam falls in pressure and 
temperature from this point to the end of the stroke. At the 
end of the stroke the steam is exhausted through a belt, B, or 
passage, round the high-pressure cylinder (shown in the plan and 
side elevation), into the slide-valve casing of the low-pressure 
cylinder. This casing of the low-pressure cylinder, along with 
the exhaust passages from the high-pressure cylinder, forms the 
receiver of the engine, and when the steam exhausts into this 
receiver its pressure falls by expansion, since the volume of the 
receiver is greater than that of the high-pressure cylinder. This 
fttll of pressure is an apparent source of loss to the system ; but 
since the steam while expanding into the receiver does no work, 
it cannot lose heat except by radiation and conduction, which is 
as far as possible prevented by the lagging, and therefore if it 
fall in pressure it must become drier or superheated. Conse- 
quently, whilst expanding in the low-pressure cylinder, it will not 
be so liable to liquefaction, and will be more efficient than ordinary 
saturated steam, so that theoretically there should be no loss due 
to this receiver. The steam is admitted to the low-pressure 
cylinder by the double-ported slide valve, S V^. The expansion 
is completed in this cylinder, and the remaining available energy 
given up by the steam. From the low-pressure cylinder it is 
discharged through the exhaust pipe, EP', into the surface 
condenser, S C, and is there condensed. When condensed, it 
falls to the bottom of the condenser, and is pumped by the air 
pump, A P, from the surface condenser discharge pipe, S C, 
D P (see plan), and by it sent into the hot well, H, from which 
it is drawn off by the feed pumps, F P, and forced back into the 
main boilers, to be again evaporated and passed through the 
engine. If no leakage took place at any point, then the water 
originally supplied would last without any addition for a very long 
time. 

SUde Valves. — The high-pressure cylinder is fitted with variable 
Qxpanffion gear, no that the point of cat off of th« fftoAin, and con- 
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FRONT ELEVATION 




Eve 



s.s. " ST. eognvald's" engines. 



SIDE ELEVATION. 
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Index to Parts. 


H P C f or High-pressure Cyl. 


LFC 


^, T^OTV'PTessi^re Cyl. 


VV 


„ Cylinder covers. 


RV 


„ Relief ^Tilves. 


SP 


,, Steam ports. 


EF 


„ Exlmuict ports. 


P 


„ Pistons. 


PR 


J, Piston Totis. 


S\\ 


,. Slide viilvf* L.RC. 


BV. 


„ Slide valve H-P.C, 


EV 


,, Expansion valve. 


YH 


„ Yalvo spiiidl&s. 


BP 


,, Balance piston. 


SV 


,, Stop valve. 


TV 


,, Throttle valve. 


C 


„ Crofishead 


t ]l 


., Connecting rods. 


L3[ 


., Link motion. 


Eit 


,, Eecetitrir Tod^. 


E 


J, Epcentrics. 


H.^Cr 


,T Hnnd atul steam 




[itflrting gear. 


Ptj?-) 


fff of Itifffj' i(V neJt pagt. 
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LECTURE XX. 



PLAN 




Plan op s.s. "St. Rognvald's" Engines. 
Index to V arts— (continued). 



S S G for Steam starting gear. 

WS „ Wyper shaft. 

E V G „ Expansion valve gear. 

EVE „ Expansion valve eccen- 
tric. 

S H „ Starting handles. 

S „ Sole plate. 

M C „ Main columns. 

E F „ Exhaust pipe. 

S C „ Surface condenser. 

F „ Flooring. 

CS „ Crankshaft. 

C S B „ Crank-shaft bearings. 

A P „ Air pump. 

H „ Hot well. 



APL for 
RS 

APR , 
APG , 
PB 

FP,BP, 
CP , 
CPSP, 
CWP 
DP 

CIP , 
(^ 

WW , 



Air-pump levers. 
Rocking shaft. 
Air-pump rod. 
Air-pump rod guide. 
Air-pump bucket. 
Feed and bilge pumps. 
Circulating pump. 
Circulating suction pipe 
Circulating water pipe. 
Discharge pipe. 
Common injection pipe. 
Granges, steam, vacuum, 

and receiver. 
Worm wheel for turning 

gear. 
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^equently the power, may be changed to suit circumstances. The 
variation of the point of cut-off is effected by means of the expan- 
fdon-valve gear arrangement shown at, E YG, in the side elevation, 
by which the travel of the valve may be altered. In the low-pressure 
cylinder the weight of the slide valve, together with the valve rod, 
Imks, and eccentric rods, is supported by a small balance piston, 
BP, fitted to the upper end of the valve rod, so that what would 
otherwise cause great pressure and consequent friction between 
the eccentrics and their straps and other points, is considerably 
diminished. 

Sta/rting cmd Reversing Gea/r, — The steam-starting gear, S S G, 
is very simple, and is clearly shown in the side and front eleva- 
tions. It consiste of a small steam cylinder, which is bolted to 
the side of the forward condenser column, and has a trunk fitted 
to the back side of its piston, through which passes a small 
connecting rod to one end of a bent lever, keyed to the wyper 
shaft, W S. This lever is connected at its other extremity to the 
centre of the reversing link motion, LM, of the high-pressure 
cylinder, and another lever which is attached to the same wyper 
ehaf t, W S, is connected to the link motion of the low-pressure 
cylinder. The other end of the piston, which is also of the trunk 
form, is screwed with a very fast pitched thread to fit the screw 
on the round rod to which the reversing or hand-starting gear 
wheel, H S G, is attached. The reversing wheel is loose upon this 
rod when reversing the engines by aid of steam, but may be firmly 
attached to it by means of a clutch when it is desirable to reverse 
by hand only. The slide valve of the steam-starting cylinder is 
worked by a small hand lever and a valve rod, fixed near the back 
of the starting wheel, as seen by the side elevation. By pulling 
or pushing this small lever, the small slide valve is made to admit 
steam to either end of the steam-starting cylinder at pleasure, 
forcing the piston forward or backward, and thus the link 
motion, LM, of the main engines may be moved forward or 
backward at pleasure, and their slide valves thrown into gear 
with the ahead or the astern going eccentrics. In order to re- 
verse by hand, it is only necessary to throw the clutch into gear 
with the reversing wheel, and to revolve the wheel, when the 
small trunk piston is moved directly by the action of the screw. 
In reversing by steam, the piston presses against this screw on 
che rod, and the pitch of the screw being great, it causes the rod 
CO revolve, but the reversing wheel does not revolve since the 
clutch is not in gear. 

Air J Circulating, Feed, and Bilge Pumps. — The air pump, A P, 
circulating pump, C P, feed pump, PP, and bilge pump, BP, 
are all worked from one crocshead attached to the outer end of 
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the air-pump levers, A P L, which are keyed to the rocking shafts 
R S. The inner end of the levers, A P L, are attached hj short 
links to the crosshead, C, of the low-pressure cylinder piston rod, 
P R (see all three views). An enlarged section and plan of the 
air and the circulating pumps, with a detailed description, will he 
given in a future Lecture. As explained above under the heading 
'' Course of the Steam/' the condensed steam, on falling to the 
bottom of the condenser, is drawn therefrom through the surface 
condenser discharge pipe, S C, D P, and the air-pump suction valve, 
A P, S Y, by the air pump, and transferred to the hot weU, H, from 
which it is pumped by the feed pump, F P, into the boiler ; but 
the air which comes from the surface condenser is allowed to escape 
through the side of the ship by a pipe leading from the top of the 
hot well, H. This pipe is not shown in the drawings. A jet 
condenser cold-water injection pipe, C I P (see front elevation and 
plan), with a rose pipe on its end, is fitted to the bottom of the 
exhaust pipe, E P^, so that the steam may be condensed by the 
old method of jet-condensation, should the surface condenser or 
any of its auxiliary parts break down. Under ordinary circum- 
stances, however, the double-acting circulating pump, C P, draws 
in cold water from the sea through the circulating pump suction 
pipe, C P, S P (see side elevation and plan), and forces it through 
the cold-water pipe, C W P, into the top of the surface condenser 
(see also front elevation) through the upper tier of horizontal tubes, 
and then back again tlux)ugh the lower set of tubes, and through 
the vertical discharge pipe, D P, out to sea again : thus keeping 
up a continuous circulation of cold water through all the con- 
denser tubes, whereby the exhaust steam, as it spreads over these 
tubes on leaving the exhaust pipe, is condensed on their cold 
surface and gravitates to the bottom of the condenser. 

Turning Gear. — ^A worm wheel, W W, is attached to the after- 
end of the crank shaft, C S, and a worm, driven by a small engine, 
gears with this wheel. This arrangement is necessary for turning 
the engines while the vessel is lying in port, and the worm is fitted 
in such a way that it may be easily and quickly thrown out of gear 
before the main engines are worked by steam. 

Governor. — ^A marine-engine governor is fitted to the after bulk- 
head in a convenient position (not shown), and is driven by a rope 
from a V-grooved pulley keyed to the crankshaft just outside the 
worm wheel, W W. This governor actuates a valve near the 
throttle valve, T Y , in the main steam pipe, and helps to prevent 
the engines racing when the ship is in a heavy sea. 

Gaibgea. — Three circular-faced gauges, G, are shown in the front 
elevation, fixed to the forward front main column, M C. One of 
these is the steam gauge for indicating the pressure of steam in 
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the main steam pipe, or the initial pressure as it enters the high- 
pressure cylinder valve casing; another is for indicating the 
pressure of steam in the intermediate receiver, B, between the 
high and low pressure cylinders or the back pressure on the high- 
pressure piston; and the third is for indicating the vacuum in the 
condenser or the back pressure on the low-pressure piston. Each 
gauge is connected directly to the space wherein the pressure is to 
be ascertained by a small solid drawn copper pipe and cock, which 
is always kept open during the time that the engines are working. 

Sta/rting Homdlea, — Immediately below the gauges, and at a 
handy height for the engineer on watch, are fi^ed four starting 
handles, S H. One handle is connected to a throttle valve in the 
main steam pipe near the governor throttle valve, T Y, so that 
the engineer may suddenly check the speed of the engines, or 
stop them, or, by partially closing this valve, work the engines at 
any desired speed (with the stop valve full open and the link 
motion in full gear) as required. The second and third handles 
are connected respectively to the drain cocks of the valve casing 
and the jacket water trap below the high-pressure cylinder, so aa 
to free these places from any water that may accumulate there, 
due to priming or condensation. The pipes leading from these 
drain cocks are taken directly to the hot well, H, so as to econo- 
mize as far as possible all the condensed steam and have it 
pumped back to the boiler. The fourth handle is connected to 
an impulse piston valve, lY, connected to the low-pressure 
cylinder supplied with steam direct from the donkey boiler, so 
that live steam may be admitted to the top or bottom of this 
cylinder at pleasure, for the purpose of starting the engines over 
the dead centres, should they not move away du*ectly when steam 
is applied in the ordinary way, and for the purpose also of warm- 
ing up the whole of the parts connected with that cylinder. 

To Start ths Engines, — First, warm up slowly and carefully 
every part connected with the valve casings and cylinders, and 
then blow through the condenser so as to clear all the spaces of 
air and water, by partially opening the stop valve, S Y, throttle 
valve, T Y, the drain cocks^ and the impulse valve, I Y, attached 
to low-pressure cylinder, and moving the link motion first into 
forward, then into back, gear. (Sometimes a special set of cocks 
and pipes are employed for warming up and blowing thix)ugh.) 
Second, open the stop valve and throttle valve as fully as may be 
required, and move the link motion into forward gear so as to 
make the engines go ahead. 
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Lectubb XX.— Qubstionb. 

1. Make a complete free-hand sketch of the three views of the s.s. 8t, 
Bo^vaJd'a engines, as given in this Lecture ; attach all the index letters, 
write out a complete index to parts, and describe in your own words the 
general arrangement of the whole engine, as well as how it is started and 
reversed, without referring to the text-book. 

2. The diameter of the high-pressure cylinder is 36", and the low-pressure 
cylinder 70", in the 8t, Bognvaid't engines. Find the ratio of the cross 
areas of the two pistons. !kn8, i : 376. 

3. The diameters of the cylinders being 36" and 70", as stated in Ques- 
tion 2, and the stroke of each piston being 4': find the superficial area of 
the inside of the cylinder liners (neglecting clearance lengths and depth 
of pistons), and also the volume swept through by each piston. Ant, 

4. Suppose that steam is cut off at half stroke in the high-pressure 
cylinder of the s.s. St. BognvfdcPs engines, what is the total ratio of expan- 
sion of the steam (neglecting clearance) 7 Ana. 7*52. 

5. Steam is supplied- at 90 lbs. pressure on the square inch by steam 
gauge to the high-pressure cylinder of the s.s. St, Hognvald's engines. 
S appose that it is cut off at half stroke, and that the back pressure 
is 25 lbs. above atmospheric pressure; sdso, that steam is cut off at 
half stroke in the low-pressure cylinder, and that the back pressure is 
4 lbs. absolute ; how many revolutions per minute must the engines work 
at in order to develop 1500 I.H.P. ? Ans, 38. 

6. The cylinders of a compound engine are 25'' and 45" in diameter. 
Find the ratio of their areas. An$. 1 to 3*24. 

7. The cylinders of a compound engine are 25" and 45'' in diameter ; with 
the same stroke, the mean effective pressure of steam in the smaller cylinder 
is 40 lbs., and in the larger cylinder 12 lbs. Which cylinder is doing most 
work, and by what percentage ? Ans, The smaller cylinder ; by 2 6 7o- 

8. What is the tot^ ratio of expansion in a compound engine with 
cylinders 31" and 62" diameter, and the same stroke, when steam is cut off 
at half stroke in the hi^h-pressore cylinder 7 Ans. 8 times. 

9. Find the indicated horse-power of a compound engine, the cylinders 
being 275'' and 48'' diameter ; stroke in each case 2*5 ; revolutions per 
minute 75 ; the mean effective pressure in high-pressure cylinder being 
37 lbs., and in low-pressure cylinder 7*35 Iha. Ans. 4008. 

10. Steam is admitted into the high-pressure cylinder of a compound 
engine at 70 lbs. by gauge, and out off at '4 of the stroke. The cubic capa- 
city or volume swept through by the piston of the low-pressure cylinder 
being 3 times that of the high-pressure one: find the final pressure 
per square inch of th» steam when it exhausts into the oondenser, 
Ans, 1 1*3 lbs. absolute. 

11. Sketch in section the high pressure cylinder, with slide and ex- 
pansion valve, as forming part of a compound cylinder marine engine. 
Describe briefly the arrangement of the engine, and how the condensation 
of steam is effected. (S. Ac A. Exam., 1893.) 

12. Sketch and describe the escape valve as fitted to the cylinders of a 
marine engine. What is the use of such a valve ? Show, by a sketch, 
where it is fixed. (S. & A. Exam. 1896.) 
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LECTTJRE XXI. 

Contents. — Details of Engines — Cylinders — Cylinder Covers — Stuffing 
Boxes, Glands, and Packing — ^Relief Valves — Steam Ports — Pistons 
—Piston Rods and Crossheadis — Connecting Rods ; with Specification 
for Details of 8.s. St. RognvaWi Cylinders, &c. &c. 

In this and the two following Lectures we shall enter very fully 
into the details of a compound marine engine, illustrating our 
remarks by a series of figures reduced from the working drawings 
of the S.S. St, RogrwaUVs engines, kindly furnished to the author 
by the makers, Messrs. Hall, Kussell, k Co., Aberdeen, ba well aa 
by extracts from the contract specification. 

Reference should he made when required to the three figuree in 
last Lecture. 

Details of Engines — Cylinders.— Cast iron is the material 
universally employed for the construction of steam-engine cylin- 
ders. The inside of the cylinder barrel is frequently fitted with 
a thin liner, which is made of a hard close-grained material, 
capable of taking on a high polish and withstanding the rubbing 
action of the piston. If the liner becomes much worn, it may be 
taken out and replaced by a new one at a very small expense ; or 
it may be re-bored, if only slightly worn. In small engines it 
is not usual to fit the cylinders with liners, but the metal of the 
cylinder barrel is made thicker than is necessary for strength at 
first, so that when the cylinder becomes much worn, it may be 
re-bored and fitted with a new piston. When the cylinder is to be 
steam-jacketed, a liner is now always employed, and steam is cir- 
culated round the annular space between the cylinder barrel and 
the liner. Cylinder liners are usually constructed of hard cast 
iron ; but compressed steel liners, as manufactured by Sir Joseph 
Whitworth's patent process, have been largely employed, and have 
given satisfactory results. The method of fitting- in these liners 
will be readily understood by reference 1;o the high-pressure cylin- 
der of the *S'^. Rognvald^a engines, illustrated in the last Lecture. 
The interior of the cylinder barrel has a fitting strip at each end 
and at the middle, which projects from ^ inch to J inch above 
the interior surface of the barrel itself ; and these strips are bored 
out so as to fit exactly similar strips on the external surface of 
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the liner. The annular space between the liner and the cylinder 
barrel is therefore about i inch, and the hot steam from the 
boiler is passed round this space. The Hner is usually fixed-in 
by an internal flange on its lower or inner end, which is some- 
times recessed into a space in that end of the cylinder, and is 
attached to the cylinder end by screwed pins. To prevent waste 
of steam, it is necessary that the joints between the liner and the 
cylinder bai-rel should be steam-tight, and at the inner joint this 
may be effected by the use of red lead, when the liner is being fixed 
in its place. At the back or upper end, however, a small gi'oove is 
usually bored out at the joint immediately above the fitting strip, 
and this groove is packed with soft rope, asbestos, or some of the 
other packings in general use. This packing is kept in position by 
a thin wrought-iron ring, which is fixed to the top of the hner. A 
very simple and efficient plan is to caulk a thin copper ring into a 
space bored out for it above the fitting strip. 

Cylinder Covers, — One of the ends of a steam-engine cylinder, 
called the cover, is always bolted on, whilst the other is usually 
cast along with the cylinder barrel. It is the back or upper end 
which is separate from the cylinder barrel. In large engines, and 
all jacketed engines, this cover is made hollow, and the flat sides 
are connected by ribs. In small engines, it consists simply of a 
circular plate of metal. This cover is held down by studs, which are 
screwed into a flange on the cylinder barrel, and are sufficiently 
strong to resist the full initial pressure of the steam acting on the 
area of the cover. The pitch of these studs must not be too great, 
since it then becomes difficult to keep the joint steam-tight. 

Stuffing Boxes and Gland Packings. — It is of the greatest import- 
ance that piston rods and valve spindles should be kept thoroughly 
steam tight without any unnecessary loss in power, and wear and 
tear due to friction. The stuffing boxes for holding the packing are 
generally cast along with the cylinder or with the cover, but in 
the case of the lower ones in the pLston rods of large engines, they 
are sometimes made separate and bolted on. The following figure 

shows very clearly how the stuffing 
boxes for the piston rods and the 
valve spindles of the s.s. St. Rogn- 
vaMs engines are made and packed 
with Bell's asbestos packing. 




Index to Pabts. 

PR for Piston rod. 

SB „ Stuffing box. 

NB „ Neck brass. 

P ,, Packing (Bell's asbestos)* 

G „ Gland. 

B „ Gland b^ig. Google 
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Numerous devices of various kinds have from time to time 
been brought out with the object of providing a perfect packing 
for piston rods. The metallic packing in the following illustra- 
tion is one of the simplest and best we have met with. As will 
be seen from the engravings, the metallic packing rings are in- 
serted in the stuffing box alternately with rings of ordinary flexible 
packing. Each metallic ring is made in four parts, two being in- 
ternal and two external, each pair forming a complete circle. On 
each face of the combined ring is a semicircular groove, which 
forms, as shown, a recess for the flexible packing. On tightening 
the gland down, the ordinary packing is flattened out, tending to 
drive the outer and inner metallic lings apart, pressing them against 
the piston rod and the sides of the stuffing box. The metallic 
packing is thus held up to the rod without undue pressiu-e, and 
prevents the softer packing from being destroyed by the high- 
temperature-steam. It is reported of this packing that, after 
having been in the high-pressure cylinder of the s.s. Alcides, using 
steam of 150 lbs., and for a run of over 60,000 knots, it looked as 
good as when first put in. 




BAiKD's Metallic PA^Kis^^^GoOgle 
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Rdief Valves, — Relief or escape valves, R Y (see figs, in last LeC' 
ture), are usually fitted to cylinder covers and cylinder ends, and 
consist of simple mushroom valves loaded with springs. Their 
function is to allow a means of escape for the water which may 
collect in the cylinder, either by " priming" in the boiler, or by 
condensation in the cylinder. When the piston approaches 
the end of its stroke, it forces this water into the clearance 
spaces, and if there is more than sufiicient water to fill them, 
the pressure opens the relief valves and allows it to escape. 

Steam Forts, — ^The steam ports and passages are almost always 
cast along with the cylinder barrel, and in small engines the valve 
casing also foims part of the same casting. In large engines, 
however, the valve casing is bolted on. ^e face of the steam 
and exhaust ports, against which the slide valve works, is usually 
planed and scraped up to a true plane surf ace, so that it may form 
absolutely steam-tight contact with the valve. Sometimes a valve 
face of a specially hard cast iron is fixed on to the face of the steam 
ports (as shown in the figs., pp. 217, 219) so as to prevent exces- 
sive wear. It is generally attached by small screws, the heads 
of which are s\mk below the fiush of the valve face. In some 
few cases bronze valve faces have been used ; but these, although 
forming a good surface for the valve to work against, cannot be 
recommended, because when so fixed the brona^ warps, due to 
its greater co-efiicient of expansion by heat. 

Specification for the 8.$. " St. BognvaJds " 

(i) Cylinder 8.* — To have one high-pressure cylinder, H P 0, and one low- 
pressure cylinder, L P 0. The high-pressure cylinder to be 36 inches in 
diameter, and the low-pressure cylinder 70 inches diameter, each with 
a stroke of 4 feet. To be made of hard close-grained cast iron, strongly 
ribbed and feathered on sides and on bottoms, of a minimum thick- 
ness of i^ inch, with relief valves, BY, and stuffing boxes fitted at 
top and bottom of each cylinder. The high-pressure cylinder to have 
a cast-iron liner, i\ inch thick, fitted with a space of i inch between, 
it and outside casting, the space thus formed to be used as a steam 
jacket if required. This jacket space to have a water trap fitted below 
the level of cylinder bottom, with a gauge glass at least 18 inche» 
long, with suitable brass cocks (asbestos packed). The water from 
trap to be taken into hot well by a copper pipe, } inch diameter, having 
a brass stop valve for regulating the fiow of ¥rater. The cylinders- 
and valve-casing sides to be covered with silicate of cotton, 2 inche» 
thick, and lagged with teakwood in strips 3 inches broad, and secured- 
by brass straps and screws. The bore of each cylinder to be made so> 
that the packing rings of pistons shall work \ inch past it at each end^ 
a recess to be formed above and below the bore \ inch deep to allow for 
the cylinders being bored out. A separate valve face to be fitted to high- 
pressure cylinder, fastened with brass pins. The bottom piston-rod: 

« Students should carefully compare this specification with the drawiags. 
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stuffing boxes to be lo inches deep, and fitted with brass neck rings, 
34 inches deep; glands to be. bushed with brass, and fitted with an 
arrangement whereby all the nuts can be tightened up at once. The relief 
or escape valves to be fitted with polished cast-iron covers, with brass 
regulating screws, fitted with polished cast-iron hand wheels. A man hole, 
15 inches diameter, to be fitted in bottom of low-pressuro cylinder, and 
a hand hole, 8 inches diameter, in bottom of high-pressure cylinder for 
cleaning purposes. 

(2) Cylinder Covers (C C).— To be of strong cast iron, i J inch thick, 
fitted with strong T-feathers on top, covered with wrought-iron chequered 
plates. Flanges to be polished, and secured to cylinders with studs and 
polished steel nuts. Stuffing boxes to be fitted, 7 inches deep, with 
saucers for catching the waste oil from the tail rods. 

(3) Packing Glands.— All glands about the engines and boilers which 
are not of brass to be bushed with brass, and to have brass neck rings. 
The piston-rod and Valve-spindle glands to have saucers cast on them for 
catching: oiL 

Pistons. — There are an immense variety of patent pistons, 
each having some particular feature claimed for it by the inventor 




Locomotive Piston with Ramsbottom Rings, 

We have only space, however, to illustrate a few forms which 
have proved successful in practice. A good piston, besides having 
sufficient strength to withstand the pressure to whidh it is 
subjected, should be absolutely steam-tight, and should exert a 
uniform pressure all round its circumference ; but this pressure 
should not be so great as to create excessive friction between it 
and the cylinder. The simplest form of piston is that used in 
locomotives and small engines. This piston is kept steam-tight 
by two or three (hard cold blast grey Scotch cast iron) packing 
rings K R, which are known as Kamsbottom's rings. These rings 
are turned slightly larger in diameter than the bore of the cylinder, 
and are afterwards cut across, so that they may be compressed 
into it. They are fitted into recesses turned in the piston, and 
the cut joints of the rings are set at opposite sides of it. This 
form of piston works very well for smaU cylinders, and also for 
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Box Section op Piston with the Usual Arrangement 
OF Three Rings. 




Box Section op piston with a Particular Arrangement 
op Four Rings. 




Two Methods op Applying the Packing Kings to 
Pistons with Junk Covlr^. 



The firat four of the above fibres and one for an air-pump backet have kindly been pre- 
sented by Messrs. P. R. Jackson & Co., of the Salford Rolling Mills, Manchester, from their 
copyright book. 
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Two Methods of Applying the Packing Rings to 
Marine Engine Piston. 




The Lancaster Spiral-Spbing Piston. 



the high pressure cylinders of large land and marine engines 
Engine pistons above 20 inches diameter are, however, frequently 
constructed hollow, or on the box pattern, as shown by three 
of the preceding figures. Some very large marine engine pistons 
for fast-running engines have been made of cast steel with only 
one thickness of metal, and cone-shaped to give them sufBcient 
strength and stifihess as shown by the first of the two figures cm 
this page. (Toc 

The old method of packing large pistons is shown^in tfie following 
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figure. The bottom side of the piston was formed with a flange, and 
the upper side with a recess to receive the ^^junh ring," Between 
this flange and junk ring, J R, a packing or expansion ring, E R, 
of cast iron was fitted. This ring was pressed out against the 
sides of the cylinder by small springs, as shown in the plan. The 
junk ring was fixed down by pins, P, which screwed into brass 





Old Form op Large CYLmDEn PiftTOisr. 



nuts, recessed into the body of the piston at suitable intervals 
round its circumference. The defect of this old form of piston 
lay in the springs, which could not be properly adjusted to give a 
uniform pressure on all parts of the ring. Besides which, the 
springs often broke, and were not free to move laterally, or to 
follow the boi*e of a cylinder when it became worn. 

The St. Bognvald's Low Pressure Cylinder Piston. — It 
will be seen that the Buckley spring with which this piston is 
fitted consists of a straight spiral spring, bent into a circle just 
like that of the spiral spring in the Lancaster piston. It forces 
the two piston rings out against the walls of the cylinder, and at 
the same time presses them firmly between the junk ring and the 
under side of the piston. The pressure between the piston rings 
and the cylinder, results from the natural elasticity of the spiral 
spring trying to regain its natural shape. There is, therefore, 
not much danger of excessive friction being set up between the 
rings and the sides of the cylinder, if the whole has been properly 
proportioned for and fitted into the cylinder. 

The packing lings in most pistons are made of hard springy 
cast-iron, turned to a slightly larger diameter than the bore of the 
cylinder, and afterwards cut across to permit of compressing and 
of inserting them into the cylinder along with the piston. 

Spedjication for the «.«. " St, Bognvald's** IHstona.— To be of cast iron, 
ij inch thick, turned to size of cylinders, and made hollow with strong 
feathers uniting top and bottom metal, fitted with Buckley's patent 
packing rings, and springs. The pistons to be turned tapered for inner 
edge of junk ring so that it can be easily removed. The junk ring to be 
secured with square-headed screw pins, screwed into brass nuts recessed 
into the body of the piston ; the heads of the screw pins to be secured 
with solid guard rings. No core holes to be made in top or bottom metal 
of pistons. 
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S.S. "St. Rognvald's" Low-pebssueb Gylindeb Piston. 



Index to Paets. 



JR for Jank ring. 

B „ Jonk-riDg bolts. 

B N ,, Brass nuts. 



G R for Guard ring for bolt heads. 
B S ,1 Buckley's spring. 
PR „ Packing rings. 



Piston Bods and Crossheads. — Piston rods are for the purpose 
of joining the piston to the connecting rod or direct to the crank 
shaft in the case of oscillating engines. They are usually made of 
forged mild steel, turned round, and parallel with tapered or 
conical ends, the one end being carefully fitted and bolted to the 
piston, as in the following illustration, and the other ke3'ed to the 
crosshead. ^ 1 
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In the following figure the part which connects the end of the 
piston rod to the connecting rod is termed the croaahead. In 
direct-acting engines, the crosshead requires to be supported by 
guides, in order to bear the side pressure thrown on it by the 
oblique action of the connecting rcxl. If the crosshead were not 
supported, and the piston rod not guided in any manner, then this 
side pressure (or pressure at right angles to the direction of motion 
of the piston) would cause injurious bending of the piston rod, and 
very excessive wear of the glands and packing in the stuffing 
boxes. In the case of a beam engine, the intervention of the 
parallel motion obviates the necessity for guides, since the piston- 
rod end moves in a straight line, and the side pressure is supported 
by the parallel motion bars. If the wear at the joint of the cross- 
head and connecting rod is intended to take place in the connecting 
rod, the pin which passes through both is fioced in the crosshead or 
forms part of it ; and the connecting rod rotates through a certain 
angle about the pin, and is fitted with bushes in order to provide 
for the wear. If, however, as is more generally the case, the wear 
is imposed upon the crosshead, the pin is then fixed in the con- 
necting-rod end, and the crosshead is provided with a bush where 
the pin passes through it. The pin therefore oscillates with the 
connecting rod, as shown in our figure. A square hole is cut out of 
the solid steel to receive the bush, which is formed in halves. The 
connecting-rod end is forked, and passes over the ends of the 
bush. The pin is prevented from turning in the connecting rod, 
and all the wear takes place in the crosshead bush. The halves 
of this bush are held together by a wrought-iron cover with bolts 
passing through it. These bolts must be of sufficient section at 
the bottom of the thread to withstand a tension equal to the 
initial effective pressure of the steam multiplied by the area of th^ 
cylinder. The crosshead is carried out at the sides to receive two 
flat cast-iron slide plates or slippers, which bear against the planed 
columns, and resist the side pressure of the connecting rod. These 
plates fit round the crosshead with three flanges only, so that they 
may be pushed into position, or taken out without (Hsconnecting 
any of the larger parts; and they are prevented from slipping 
out at the one side by small screwed pins which are fitted in all 
round. 

S.S. " St, Bognvald'B " Pistm Bods.— To be forged of mild steel, well fitted 
CO the pistons, and secured to same by a nut (not recessed into piston). 
Rods to be 6^ inches diameter below pistons, and 4} inches diameter above 
pistons. The lower ends (or crossheads) to be forged solid, slotted, and 
fitted with strong hard brasses (flat top and bottom) secured with malle- 
able-iron covers and two steel bolts, 3 J inches diameter, with guard rings 
on the nuts. Steel pinching pins, also split pins, to be put through the 
points of these bolts. 
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Index to J'ARTfl. 

PR for Pibtciii rod, 
CB „ Cfosshead bush* 
B „ Jloltti. 
S P , , Sat piDB. 
8 j^ supper* 




S.S. " St. Rognvald's '* Pjston Rods 
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&.S. "St. Roqnyald's" Connecting Rods.^ t 
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For engines which require to rotate in one direction only, a 
dide block on one side of the piston rod (that side against which 
the connecting rod thrusts) is all that is necessary, and frequently 
marine engines, which are but seldom required to be driven back- 
wards, are thus fitted. 

Oonneoting Bods. — If an engine connecting rod were of in- 
finite length (i.e., so long as to remain always parallel to the 
piston-rod), there would l^ no side pressure on the guides of the 
engine, and the motion of the piston and crank would be a simple 
hannonic motion. But in practice, a certain definite length must 
be assigned to the connectmg rod, therefore a certain amount of 
pressure is alwaysthrown on l^e engine slide6,and a certain amount 
of irregularity must take place in the motion. The shorter the 
connecting rod, the greater is the pressure on the guides, and the 
greater the irregularity in the motion. In practice, the length of 
the connecting rod, varies from two to three times the length 
of the stroke of the engine. Connecting rods as short as the 
former proportion are found in marine practice, whilst those of 
the latter length are common in land engines. In some inverted- 
cylinder marine engines, especially those of the Boyal Navy, which 
must be kept low down in the vessel, there is not sufficient head 
room for connecting rods equal to two strokes in length, and, as a 
matter of necessity, shorter rods require to be put in j but they do 
not work satisfactorily, and create excessive pressure between the 
slides and blocks. 

Connecting rods require to stand alternately a tensile and a 
compressive stress, and to resist the latter without bending. They 
are usually made larger in diameter at the middle than at the 
ends, or gradually tapered from crosshead to the cranknshaft end. 
The ends of connecting rods are formed in a variety of ways, 
but, as a rule, the crosshead end is forked, and has simply two 
solid eyes, as shown by the illustration. 

S,8, ** St. BognwMs " Connedting ^ocfo.— To be forged of best selected 
scrap iron with solid double jaw at upper end. Smallest diameter of rods 
to be 6i inches, tapering to 8 inches at lower end, length between centres 
9 feet. Hard brasses to be secured to lower ends, with two well-fitted 
steel bolts, S B, 3f inches diameter, having guard rings with steel pinching 
pins, S P, and split pins through points of bolts. The lower end brasses to 
have four strips, i inch thick, of approved white metal, W M, each 2 inches 
broad, fitted in each half of brass with 4 inch of brass between them, and 
finished -^ inch above surface of brasses. Farting pieces, P P, of cast iron, 
3 inches thick, to be fitted between brasses, so that they can be removed 
without taking out the bolts for the purpose of stripping and taking up 
the wear. 

In The Practical Engineer* attention was lately drawn to a 

* Extract from paper read before the American Society of Mechanical 
Engineers, by Mr. W. F. Mattes. See The Practical Engineer, August 10, 1888. 
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form of connecting rod which had been adopted in America with 
very good results. (See following figures.) 

It differs from the ordinary ^' marine " rod, first, in having jaws 
of sufficient length to hold both boxes ; and, second, in having a 
cap which hooks over projections on the jaws. These projections 
are turned concentrically with the rod, and the cap hooks are 
counter-bored to match. The cap is thus held in position by the 
eombination of hooks, box flanges, and bolts ; but the long jaws 
and the counter-bore of the cap relieve the bolts of any other 
duty than merely clamping the parts together ; and no particular 
accuracy need be observed, either in turning the bolts or in drilling 
the holes for them. As compared with rods having the outer box 
secured by a transverse bolt, passing through eyes in the jaws, 
several advantages are claimed. The fiat parallel sides of the 
head facilitate the operations of forging and finishing ; the tensile 
stresses are taken by bolts, in which the required strength can be 
easily and certainly secured, instead of by eyes, of uncertain 
condition, cut out of the large forging; an unsightly swelling 
at the end of the rod is avoided and the weight sensibly reduced. 
As compared with the old strap rod, the new form is cheaper 
and better. As compared with the solid-head rod, the open 
end is a great convenience, except on crosshead ends, where the 
pins are removable. The jaws hold the boxes with equal rigidity, 
permit the use of full flanges on both boxes, and do away with 
loose collars on the crank pins. Fig. i shows a plain form of the 
new rod. This was designed for use in pairs, connecting the ends 
of a crosshead with a pair of fly-wheels. In such a case it is 
usually safer to take up the wear by liners, rather than by wedges 
or cotters. The opposing screws pass loosely through the caps, and 
are threaded into the boxes. The bolts have round heads slightly 
countersunk, and are kept from turning by a spline. Fig. 2 is the 
rod used in a pair of horizontal, coupled, blowing engines, with 
52 inches by 60 inches steam cylinders. Here wedges are used for 
tightening up the brasses, and, to clear the adjusting screws, tap 
bolts, instead of through bolts, are adopted to secure the caps. 
As before, the holes are loosely drilled through the caps, the holes 
in the rod being threaded by special taps. The bolts are steel, 
3 J inches in diameter, and are chased five threads to the inch. 
All parts, excepting the boxes, are hammered steel. The wedges 
are full width, and threaded for the adjusting bolts, which are in 
tension. The boxes are of " Eureka " cast steel, and fully faced with 
babbitt. Fig. 3 is a rod designed for a double crank, where a 
longer journal, and consequent wider head, admit four through 
bolts, spaced to clear the wedge-adjusting screws. The crosshead 
end has the wedge under the cap, an arrangement that tends 
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to preserve the oorrect length between centres c^ journals. Prao* 
tieally the same end may be 'secured in a rod like Fig, 2, hj the 
occasional introduction of a liner between the cap and the box. In 
the construction of these rods, the head is first forged solid. 
Holes are then drilled for the interior angles, and a block slotted 
out, forming the jaws. As this operation, particularly in large 
sizes, is likely to cause a slight springing, it should be completed 
before the projections on the jaws are turned to a finish. The 
boxes may Uien be fitted, and the outer ones utilized as a centre 
for finishing the projections. 



Leotubb XXI.— Questions (wnHnued), * 

ly. How is the piston rod of a steam engine made to work steamtlght 
through the cylinder cover ? Sketch the arrangement in plan and sectional 
elevation, and state the material employed for each part of the combination. 
How is the piston made steamtight ? (8. and A. Bxam., i894') 

18. What is the object of a cylinder escape valve, and where is it placed ? 
Sketch a sectional elevation of such a valve. To what extent is it usually 
loaded! (S and A. Bzam. 1893.) 

* See Appendix for more recent S. & A. Q9egMo8f.C:TOOQLC 
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Lbctubb XXI.— Questtokb. 

1 . Sketch Beotional front elevation only, and describe by an index of parts 
the cylmders, cylinder covers, valve ports, pistons, and piston rods, with 
glands complete, of a modem compound inverted-cylinder marine engine. 
Write out in yonr own words a specification for the various parts shown in 
yonr sketches, referring to each part by the letters in yonr index. 

2. In a compound cylinder en^e, sketch a sectional side elevation only, 
through half of each of the cylinders. 

3. Sketch, and describe by an index of pari», a front and a side elevation 
of the piston, piston rod, crosshead, and connecting rod of the low-pressure 
cylinder of a compound inverted-cylinder marine engine. Write out a 
specification in your own words for these various parts, referring to each 
part in your sketch by the index letters. 

4. Sketch and describe an ordinary form of piston for a stationary 
eng^e. Show the packing rings and the attachment of the piston rod. 
Nai^e the materials employed in the construction of the several parts, and 
give reasons for employing the different materials. (S. and A. Bxam., 
1887.) 

5. Sketch and describe the method of keeping the piston rod steam- 
ti|i:ht in the cylinder cover. (S. and A. Bxam., 1888.) 

6. Draw in section the cylinder of any steam engine, showing the piston 
rod and mode of securing it to the piston. Show also the slide valve just 
on the point of catting off steam, and place the piston in the proper 
position, marking the directions in which the piston and slide valve will be 
respectively moving. (S. and A. Exams. 1892.) 

7. Sketch the piston for a large low-pressure cylinder marine engine, 
showing the metsdlic packing ring, and the manner in which the joint in 
this ring is made, as well as the contrivance for holding the same in its 
place. How was a piston formerly packed with hemp 7 What is the 
]unk ring 7 

8. Sketch the most conmion and serviceable form of crosshead and guide 
for a vertical marine engine. How are the rubbing surfaces kept oiled 7 

9. Give complete free-hand sketches (side view and plan) of a marine- 
engine connecting rod, and explain how tiie various parts are machined and 
fitted together, as well as how the bearings are kept lubricated when the 
engine is working. 

10. Describe, with sketch, some mode of constructing the end of a marine 
eneine connecting rod, pointing out the provisions mi^e to allow for wear 
and to reduce friction. 

1 1. Sketch the crank-shaft end of the connecting rod of a marine engine, 
and describe the means employed for lubricating the rubbing sur&ces. 

12. Sketch a relief or escape valve for a cylinder, and explain its use and 
action. 

13. Given l^^th of stroke 42", thickness of piston 9", and clearance at 
each end f '. What must be the length of the cylinder inside? Ans. 524 
inches. 

14. If a cylinder is 33!" long inside, and the piston si" thick, while tho 
stroke is 27", what is the clearance at each end 7 Ana, |, ^ inch. 

15. Sketch the end of the connecting rod of a locomotive engine which 
embraces the crank pin. Show clearly the method of tightening the 
brasses on the crank pin by a gib and cotter. (S. and A. Exam., 1889.) 

16. Show by a sketch, the manner in which the crosshead in a direct 
acting horizontal engine is kept in its true path by guide bars. Why are 
rectangular notches usually cut across the ends of the sliding surfaces of 
guide-bars? (S. and A. Exams. 1892.) O" 
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Contents. — Stop Valves — Double-beat or Equilibrium Valves — Cornish 
Double-beat or Crown Valve — Throttle Valve— Slide Valves — Mur- 
doch's Long Q Slide Valve — Locomotive or Common Short D Slide 
Valve. 

Stop Valves. — These valves are used for the purpose of stop- 
ping and regulating the passage of steam from the boilers to the 
engines. One of these valves is fitted to each boiler, and to the 
main steam pipe close to the engines, so that any, or all, of the 
boilers may be placed in communication with the main steam pipe, 
and the latter with the valve casing of the engine. 

The form and construction of the stop valve, which is generally 
placed between the boiler and the steam pipe, are shown by the 
following outside view and section. 



^ja. 




isiMillii 




Turn BULL'S Stop Valve. 
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The apparatus consists of a simple chest of cast iron, with a 
flange, A, which is bolted to the boiler, and another flange, C, 
bolted to the steam pipe. The valve is opened or shut by means 
of a wheel, to the centre of which, and also to the valve, is fitted 
a spindle with a square-cut screw thread near the handle or wheel. 
This screw works in a nut formed in the cross arm between the 
two wrought-iron pillars, screwed into the cover of the stop valve 
chest. The lower part of the spindle is turned truly round and 
parallel, and moves in an ordinary steam-tight stuffing box and 
gland. The area of the valve should be such as not to throttle or 
wire-draw the steam when the valve is full open, and there should 
also be plenty of space round the top of the valve to permit the 
steam to flow freely into the steam pipe or to the valve casing. 
If too small a valve, or if too contracted a passage, be used, then 
a fall of pressure between the boiler and the engine is sure to 
take place. 

Double-beat or Equilibrium Valve. — The form of valve 
just described is often used in the case of small powers, to admit 
and cut off steam between the steam pipe and the engine ; but 
where the steam pipe is large and the pressure great, a " balanced '* 
or " equilibrium " or " double-beat " stop valve (as shown in the 




Alley & MacLellan's Double-beat Steam Stop Valvk. 
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following figure) is used. It consists of two conical valves on the 
same spindle. The advantages obtained by using this form of 
valve are twofold. In the first place, if the valves are properly 
proportioned, the pressure of the steam acting on the upper side 
of the one and on the under side of the other valve very nearly 
balances, so that a much less effort will open or close the valve 
than in the case of the former kind, where the full pressure acts 
on the full area of the valve. In the second place, this double- 
beat valve only requires AaZ/'the lift for the same area of pipe in 
order to let " full bore " of steam through. This may be easily 
proved, thus : — 

Let r s internal radius of valve seat, 

h = height to which valve must be lifted to pass full bore 
of steam, 
vr^ s cross area of valve seat, 
2irr » circumference of valve seat, 
.*. 2irr X A = ff/ 

, _ »rr* _ r 
27rr "i' 

Consequently, if there be but one valve, it must be lifted to a 
height equal to \ the radius, or \ of the diameter, in order that 
the area of the parallelogram strip represented by the lift shall be 
equal to the cross area of the pipe ; but if there be two valves 
connected together, as shown by the following figures, then it 
need only be lifted half the above distance, or \ of the diameter, 
because the steam has a free passage through both seats. 

These double-beat or double-seated conical valves are frequently 
used instead of slide valves, more especially in slow-working 
engines, such as those employed for pumping water, and in the 
American beam engines for river and lake steamers. They have also 
quite lately been revived in the case of fast-speed engines of the 
Proel and the Eobey automatic cut-off type, but with the addition 
of an air-cushioning cylinder, or ''dash pot/' tp let them come down 
gently on to their seats, and thus prevent, as far as possible, wear 
and tear and clattering. They are also frequently used for loco- 
motive '' regulator-valves ; " and, in fact, wherever the lift and the 
force required to open and close a valve have to be as small as 
possible. They have never been successfully used for safety valves, 
owing to the difficulty of keeping them thoroughly steam-tight 
under constant pressure and high temperature, since, from the 
form of the valves, the heat causes the spindle or shank between 
them to expand more than the seats and chest in which they are 
fixed. 

The student can easily calculate the difference in the diameters 
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of the two valve seats that would produce perfect equilibrium with 
the steam or liquid pressure used, if he is given the weight of the 
valve. . 

For, let r^ = radius of valve V^, 

w = weight of the two valves and their spindle, 
p = the pressure per square inch of the fluid. 

Then, the pressure per square inch multiplied by the difference in 
areas of the two valves must equal the weight of the whole valve to 
ensure equUibriumi, 

Or, w = p {irr^ "irr^). 




Double-beat Valve. 

Practically, however, the largest diameter of the lower or inner 
valve must obviously be a little less than the smallest diameter of 
the upper or outer valve, in order to let the valve be put into its 
place. 

Cornish Double-beat or Crown Valve. — Another very 
common form of double-beat or equilibrium valve is that known 
a^s the " Cornish crown valve," very probably owing to the chief 
part of the valve resembling a crown or hood, and its eictensive 
use in connection with Cornish pumping engines, as a substitute 
for the slide valve, for admitting steam to enter and exhaust 
from the cylinders of these engines. 

The next illustration is a reduced sketch from one given in 
Sennet's Marine Steam Engine y and he says that " this is pro- 
bably the best form of valve for enabling a large passage to be 
•opened and closed for the flow of steam or any fluid under high 
pressure." 

It will be seen from the figure that the crown, C, or movable 
]part of the apparatus, is connected to the spindle, S, by a cotter, 

p 
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which thus enables it to be lifted or lowered from or on to the 
valve seats, V S^ and V Sj. The upper valve seat, V Sj, is 
secured to the valve chest, VC, by a central bolt, B, screwed into 
a three-legged clamp or claw, CI. The lower valve seat, V Sj, is 
simply driven hard into the lower end of the valve chest, V C. 
The arrows indicate the direction in which the steam or water is 
supposed to flow towards, through, and from the valve seats ; but 
as far as the mere construction of the apparatus is concerned, it 
does not matter whether the fluid flows in the one way and out 
the other, or vice versd, for in either case the crown or hood of 
the valve is in equilibrium with respect to the pressure before 
and after it is opened. 




Cornish Doublb-bbat or Crown Valve, 

The lift required for a valve of this form is of course just one- 
half what is required for an ordinary single valve, and in this 
respect it is similar to the other form of equilibrium or double- 
seated valve already described. The same rule also applies to 
the finding the difference of the diameters d^, d,^, or the excess of 
radius, r^, over, r^, which would be required for a certain weight 
of valve and pressure in order to ensure perfect equilibrium, if 
there existed no friction between the spindle, S, and the packng 
in its stuffing box. When used as a stop valve, it is preferable 
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to work the spindle by a wheel-handle and a screw, as in the first 
two cases illustrated in this Lecture, because the back lash is less, 
and the certainty by which it can be moved is greater. 

Throttle Valve. — ^This was the original form of regulator- valve 
introduced by Watt (see fig., p. 171). In marine engines there 
are generally two of these valves placed between the engine stop 
valve and the slide-valve casing. The one is connected to a lever 
on the starting platform, whereby the engineer may suddenly cut 
off the steam from the engines in case of an accident, or throttle 
or wire-draw the steam by partially closing it when going slowly 
for a short time; the other one is connected to the governor. 
In stationary land engines of the ordinary type the former of 
these throttle valves is dispensed with, and in locomotives neither 
of them is employed. The construction and action of this valve 
will be readily understood from the following sectional figures. 





Throttle Valve. 

The throttle valve, T Y, is simply an elliptical plate or door, 
fixed upon a central spindle, S, by a key or a taper pin, or, as 
shown in the above figure, by a set pin, S P. The inner end of this 
spindle is supported by a round hole in the pipe, whilst the outer 
end projects through a steam-tight stuflBing box, S B, and gland, G. 
When closed, the throttle valve bears all round on the inside of a 
brass liner, B L, let into a cast-iron pipe, C I P. This short piece 
of pipe is bolted between the engine stop valve and the valve 
casing, and when there are two throttle valves (as already men- 
tioned in the case of a marine engine) both are contained in the 
one piece of pipe. The governor throttle valve is, however, seldom 
made elliptical, but generally circular, as it is only used for check- 
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ing the flow of steam and not for cutting it oft entirely^ as in the 
ease of the hand-moved one. Neither form can, however^ be relied 
upon as thoroughly steam-tight, owing to the difficulty of fitting 
them exactly, and the difference of expansion between the valve 
and the pipe containing them. The direction in which the throttle 
turns and the direction in which the steam flows through the pipe 
are indicated by arrows. The throttle valve is a truly balanced 
ralve^ since the steam acts on equal areas on each side of the 
spindle. 

JS,JS. *' JS^. BoffnvaUP8" Stop Vdlm and TkrotHe FoZvm.— A stop valve to 
be fitted to the main steam pipe, and to the high-pressnre cylinder valve 
casing. This stop valve to contain separate hand and governor throttle 
valves. The stop valve and the ordinary throttle valve to be worked from 
the starting platform. 

Slide Valves.-^The double-beat form of valve is an excellent 
piece of mechanism for admitting steam to enter and exhaust 
from the cylinders of certain classes of land engines; but the 
necessary gear required to work it quietly and successfully is 
too complicated, cumbersome, and expensive for locomotives, 
ordinary marine engines, and the commoner and smaller classes 
of fast-speed land engines. This was recognized very early in the 
progress of the steam engine, for we find that in 1799 Murdoch, 
who was associated with Watt in the improvement of his double- 
acting engines, patented an entirely different form of valve for 
this purpose, which depended upon a to-and-fro sliding motion for 
its action. This was, no doubt, the origin of all the numerous 
forms of slide valves which have been introduced since that time. 
We have already discussed in an elementary manner the action 
of the ordinary or locomotive short D slide valve, and its pecu- 
liarities of lap, lead, and travel. We now propose to illustrate 
and describe a few of its forms which have been or are in 
common use. 

Murdoch's Long D Slide Valve.— This, the first kind of 
slide valve, received its name from the resemblance of its cross 
section to the letter D, as may be seen from the following figure. 
It consists of a long semicircular pipe, the flat side of which slides 
to and fro against the face of the steam ports leading to and from 
the cylinder, whilst the semiciroular back moves against a metallic 
packmg fixed near each end of the valve. Steam enters the valve 
casing by the back steam pipe, S F^, and passes round the space on 
the outside central part of the slide valve to the steam ports, S P, in 
the direction indicated by the arrows, being prevented from reach- 
ing the ends of the valve casing by the steam-tight packing ring, 
F K. Each end of the valve casing is in direct communication with 
the condenser (the upper end through the central opening or pipe 
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Murdoch's Long D Slide Valvb. 

formed by the D of the valve) ; so that when the valve moves 
up sufficiently far, the inner end of the upper steam port, S P, 
is placed in direct communication with the boiler, while the outer 
end of the lower steam port, S P, is opened to exhaust, and vice 
versd, when the valve moves down. If the metallic packing were 
made and kept thoroughly steam-tight, this kind of valve would 
be free from the objection arising from great pressure between 
its face and the face of the steam ports, and therefore it would 
offer little resistance to being moved up and down ; but in prac- 
tice it has been found very difficult to make and keep these pack- 
ings steam tight, and consequently it has, after many lengthened 
trials, been laid aside for improved forms of the locomotive or 
fihort D slide valve. ^ t 
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Lbctubb XXII.— Questions. • 

1 . Sketch and describe an ordiDary single conical stop yalve. Mention 
the positions where such a valve is placed, and for what purposes. 

2. Sketch in section a steam stop valve for allowicg steam to pass from a 
marine boiler to the engine, and mention some details of construction 
w hereby the due action of the valve is ensured. 

3. Point out some method of rendering a steam valve "balanced." 
Sketch a balanced as well as an unbalanced valve. 

4. Describe a double-beat or equilibrium steam stop vaJve. The upper 
side of the valve is 1 1 inches in diameter and the lower side loi inches. 
What force will be required to open it when the steam has a pressure of 
ICO lbs. above the atmosphere 7 Ana. 971 *2. 

5. Supposing that drop valves are substituted for the slide valve in tha 
double-acting euglne, how many would be required? Make a sketchy 
showing their position, together with the steam and exhaust passages. 
How are drop valves worked ? Sketch the contrivance. 

6. Describe an ordinary double-beat valve, making such sketches as may 
be necessary for showing the construction of the valve and the principle 
on which it acts. (S. and A. Exam. 1888.) 

7. Prove that the lift required by a single valve is just one-fourth the 
diameter in order to let the full quantity of fluid pass that can get through 
the seat of the valve. Also show that a double-beat valve requires only 
half the lift of a single valve of the same mean diameter in order to pass 
the same quantity of fluid in the same time. 

8. Show that by a double valve a steam passage may be opened by a 
small force. Sketch the coutrivance, showing how the steam passes. 
Make a sectional sketch of aCoruish crown valve, and explain the principle 
of its construction for the above purpose. (6. & A. Exam. 1894.) 

9. The diameter of a steam pipe is 12^ inches, and the upper and lower 
discs of an equilibrium valve which closes it are 12 and :o| inches 
respectively. Sketch the arrangement, and find the lift of the vaive when 
the opening of the valve is equal to the area of the steam pipe. (S. and A. 
Exam. 1890.) Ans, 173 inches. 

10. Sketch an equilibrium or double-beat valve. Where is suoh a valve 
introduced 7 If the upper and lower discs of a double-beat valve are 12 
and 1 1 inches in diameter respectively, and the pressure of the steam is 50 
lbs. per square inch, while there is a pressure of 3 lbs. per square inch in 
the space between the upper and lower valves, what pressure would be 
necessary to open the valve (T=3f)7 (S. & A. Exam. 1891.) Ans, 8494 
lbs. nearly. 

11. Sketch and describe the action of an ordinary '* throttle valve," and 
mention for what purposes it is used. How does it act as a reducing or 
wire-drawing valve 7 

12. Sketch in section a long D slide valve having lap on the steam side, 
together with the steam ports and passages. Explain the action of the 
valve, and show the manner in which the exhaust steam is passed to the 
condenser. 

13. Sketch in section and end view, with steam ports, an ordinary loco- 
motive cylinder with a D slide valve. Put the valve in its middle position, 
and also when it has opened one steam port by the amount required for 
lead. Show the direction of the flow of the steam. Why is this valve not 
suited for an early cut-off and for large engines with high-pressure steam ? 

* 8m Appendix for the most recent 8. and A Exam. Qnestfoni. j 
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Oo»TENTS. — Double-ported Slide Valve— Piston Valye— Expansion Valves 
— Gridiron Expansion Slide Valve — Expansion Valve on Back of Slide 
Valve— Starting and Reversing Gears — Single Loose Eccentric Gear — 
Stephenson's Link Motion — Link Motion of the s.s. St, RognvaU^ and 
Specification for Valves and Link Motion. 

In the last Lecture we drew attention to the great power absorbed 
in simply driving the ordinary D slide valve. To impress this 
fact upon the student, suppose the case of a locomotive D slide 
valve, 1 6'' broad by lo" long, with a travel of 6", working under 
a steam pressure of i6o lbs. per square inch. What power will 
be absorbed in driving each of the locomotive slide valves, when 
the crank shaft is making 200 revolutions per minute, and 
assuming the co-efficient of friction between the face of the valve 
and steam-port bars to be o'l ? 

Area of slide valve = 16" x 10" = i6o sq. ins. 

-, ^ , , fi6osq, ins. x 160 lbs. =25,600 lbs. 

Total pressure on valve = | ^^^^^ ^^ ^^^^y 

Force required to move valve = 25,600 lbs. x i (oo-eflf.) = 2560 lbs. 

Work expended in moving valve \ 

each revolution of crank I _ (Force x distance moved =2560 lbs. 

The travel of valve being 6" or -5', It moves | "" 1 X •5' x 2 = 2560 ft. -lbs. 

i' daring each revolution of crank j 

Work expended each minute - 2560 ft. -lbs. x 200 = 51 2,000 ft.-lbs. 

Power absorbed in working one) ^ Si^^ooo^ horse-power, 

slide valve / 33,000 -*^ *^ 

This calculation neglects the power absorbed in moving the 
mere dead weight of the valve, as well as that due to the friction 
of the valve spindle in its stuffing box and guides, since these 
quantities may be supposed to be constant for any kind of valve 
used — so far as our purpose is concerned — which is simply to 
impress upon the student that a very large proportion of the 
power developed by an engine is absorbed in merely working 
one of its most essential parts, viz., the slide valve. This fact 
has led engineers to devise many forms of slide valves, with the 
object of overcoming this great waste of power. One of these 
devices is known as the " Double-ported Valve," 
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Double-ported Slide Valve. — This form of slide valve aims 
at lessening the power required to drive the valve by reducing 
the travel. 

This is effected by having two steam openings to each steam 
port of the cylinder, instead of only one, as in the case of the 
common D slide valve. The outer opening admits steam direct 
from the valve casing, and exhausts through the outermost open- 
ing in the valve by a passage formed round the back of it into the 
exhaust port, while the inner opening to the steam-port gets steam 
from the valve casing through a transverse opening in the valve, 
and exhausts directly into the exhaust port. A valve of this kind 
may, therefore, afford the same opening to the steam as an ordi- 
nary locomotive slide valve with half the travel, and, consequently, 
with half the expenditure of power to drive it, as far as regards 




Common Double-ported Valve at its Mid-stroke. 

the effect of the direct pressure to steam on the back of it, but this 
is sometimes still further reduced by causing the back of the valve 
to bear evenly upon a steam-tight opening or pressure relieving 
frame, in direct communication with the condenser. In very 
large marine engines, treble-ported and even quadruple-ported 
slide valves have been resorted to with the same object, viz., 
a reduction in the power required to drive them, by lessening 
the travel. Neither of these plans is thoroughly satisfactory, 
for they only partially diminish the power required to drive the 
valve. 

The above illustration shows a longitudinal section, with the 
valve at its mid-stroke, whilst that on the next page shows the 
valve when opening the steam port by the full amount, as well 
as a plan of the face of the valve and an end view (half outside 
view, half section). 

Specification for the 8.8. *' St Rognvcdd's " Slide Valves. — To be placed on 
the forward side of their respective cylinders. The low-pressure, cylinder 
valve to be double ported, the high-pressure cylinder valve to be single 
ported, and both to be made of hard close-grained cast iron. These 
valves to be carefully fitted to valve face by scraping, and rendered 
perfectly steam-tight. 
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Section through Valve and Steam Ports. 
S.S. "St. Rognvald*s'' Double-ported Slide Valve. 
Index to Parts. 



S ?,, S Py for Steam ports. 
RP „ Exhaust port. 

SO „ Steam openings. 

E O „ Exhaust openings. 



S V S for Slide-valve spindle. 
EN „ End nuts. 
BPR „ Balance-piston rod. 
PB „ Planed back. 



Direction steam takes. 
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Piston Valve. — As we remarked before, no thoroughly satis- 
factory plan has yet been devised of relieving the ordinary D slide 
valve from the pressure of steam upon its back surface, and, conse- 
quently, in the case of large engines, using very high-pressure 
steam, recourse is had to the piston 
valve. 

The accompanjring figure of a pis- 
ton valve is from Seaton's Manual of 
Marine Engineering. It will be seen 
from the figure that there are two 
steam poi*ts and one exhaust port, as 
with the ordinary slide valve; but, 
owing to the circular construction of 
this valve, the steam-port area is 
nearly three times that of an ordi- 
nary flat valve of the same transverse 
dimensions (since the circumference 
of a circle is ird = 3*1416 times the 
diameter). Further, the pressures 
on the sides of the valve are per- 
fectly balanced, since they act equally 
all round it, and, consequently, the 
valve, if properly made and fitted, 
simply floats in a bath of steam. The 
valve consists of two pistons in one 
casting, connected together by a pipe, 
which is fixed to the valve spindle. 
There is a balance piston and cylinder, 
fitted immediately above them, to re- 
lieve the eccentrics from the dead 
weight of the valve, link motion, and 
eccentric rods. The piston valves are 
rendered steam-tight by having stiff cast-iron liners and bronze 
spring rings, which extend beyond the turned surface of the 
pistons sufficiently far to permit the steam having a free passage 
to the ports. These spring rings are prevented from forcing 
themselves into the steam ports by a series of narrow diagonal 
bearing bars being cast in and around the port liners, thus -►W. 
These bars are. truly bored out along with the liners. Steam 
exhausts from the cylinder round the outside of the pipe between 
the pistons of the valve, and enters the cylinder from each end, 
so that the lap of the valve is on the outside edges of the valve 
in the same way and to the same extent as with an ordinary slide 
valve. To avoid, as far as may be, the naturally large clearance 




The Piston Slide Valve. 
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space with this form of valve, the pistons are kept as far apart as 
possible, so that they may be almost directly opposite to the 
positions where the steam enters the cylinders. All the latest 
engines for Transatlantic steamers, as well as many others, have 
been fitted with piston valves. The chief objection or disad- 
vantage usually urged against these valves is their first cost, 
which naturally prevents their being commonly fitted to the 
low-pressure cylinder of compound, or of multiple expansion 
engines. 

Expansion Valves. — ^We have already mentioned that the 
ordinary slide valve is not well suited for high grades of expansion, 
because sufficient opening to steam cannot be obtained with it for 
an earlier cut off than, say, half stroke, without increasing the 
travel and the lead, or using unduly long ports, or else sub- 
jecting the steam to considerable wire-drawing. This defect is, to 
a certain extent, overcome by the double-ported valve, and also by 
the piston valve, from the fact that they each give a larger area 
of opening to steam with less travel than the ordinary D slide 
valve. 

There are, however, many special devices, called "expansion 
valves," which have been invented to remedy or assist the ordi- 
nary slide valve in overcoming this defect. One of the earliest 
arrangements was to fix a cam upon the crank shaft, with a 
bearing-roller on the cam, connected to an ordinary throttle valve, 
fixed in the steam pipe close to the valve casing. This cam was so 
set with respect to the ordinary eccentric working the ordinary 
slide valve, that it elevated the bearing roller, and consequently 
closed the throttle valve just before the steam had forced the 
piston through the desired length of stroke at which cut-off should 
take place. The obvious defect in this arrangement lay in the 
fact that the throttle valve could not be conveniently fixed suf- 
ficiently near to the slide valve, and thus the valve casing was left 
full of steam after the throttle valve had closed the steam pipe, 
which steam was not cut off by the ordinary slide valve until half 
stroke, or later. In order to so far remedy this defect, what are 
called " gridiron " wcpansion valves were at first fitted to seatings 
fixed near to the steam-pipe opening in the main valve casing, 
but latterly a modification of this plan has been fitted directly ta 
the back of the main ordinary slid^ vaJvQ. 
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Gridiron Expansion Slide Valve. — The following illustra- 
tion will at once convey a clear idea of the former of these 
plans. 





Longitudinal Section. 



End Section. 



Gbidibon Expansion Slide Valve. 

Index to Parts. 
G V for Gridiron valve. | • S P for Steam pipe. 



VS ,, Valve spindle. 



VCD ,, Valve-casing door. 



The gridiron valve, G V (shaded by full black lines in left 
figure), is driven by an ordinary eccentric, keyed to the crank 
shaft in the same way as any ordinary slide valve. It consists of 
a simple flat plate, slit up into parallel strips (exactly like the 
opening and closing sliding part of the ventilator usually fixed 
immediately above the doors of railway carriages), while the flat 
steam-port face, upon which the valve slides, is correspondingly 
perforated. When the valve uncovers the openings in the port 
face, steam enters from the steam pipe into the main slide- 
valve casing, as shown by the arrows. It may be set so as to cut 
off at any desired pai-t of the piston's stroke. The valve requires, 
from its construction, but a veiy small travel in order to give a 
large area of opening to steam; for, if lo square inches be the 
opening for one slit, then loo square inches would be the total 
opening, if ten such slits and valve bars were used, without any 
increase of travel. The same objection, however, as that stated in 
respect to effecting expansion by a throttle valve, fixed on the 
steam pipe, holds good with this gridiron valve, if it be placed 
simply at the mouth of the slide-valve casing ; for the valve casing 
is then left full of steam when the gridiron valve cuts off con- 
nection with the steam pipe, and thus steam is not cut off from 
the cylinder until later in the piston's stroke by the main valve. 
In other words, the clearance space is excessive. 

Expansion Valves on the Back of Slide Valves. — To avoid 
as far as possible this excessive cleiu^ance, gridiron expansion 
valves, exactly similar to that described above, are frequently 
worked directly upon the back of box-shaped, double-ported slide 
valves; but more frequently as shown in the following figm^e. 
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which represents the expansion valve and main slide valve for the 
high-pressure cylinder of the s.s. aS'^ Eognvcdd, 




Section through Valves and Steam Ports. 
S.S. "St. Rognvald's" Expansion and Main Slide Valves 

FOB HiGH-PBBSSURE CYLINDER. 



S P„ S Pj for Steam ports. 
E P „ Exhaust port. 

SOpSOj, ,, Steam openings in 

valve. 
E O „ Exhaust opening in 

valve. 



Index to Parts. 

I SV for Slide valve. 

I SVS „ Slide-valve spindle. 

EVj, EVj,, Expansion valves. 

EN „ End nuts. 

GR „ Guide rods. 
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It consists of a main slide valve with holes at each end, and tn^o 
plates working on the back of it. These plates are kept at a 
fixed distance apart by collars on the spindle, and their sole action 
is to cut off the steam at any desired part of the piston's stroke, 
while the main slide valve regulates the points of admission, release, 
and compression. The expansion valve is worked by a separate 
eccentric, EYE, fixed at the forward end of the crank shaft 
(see front and side elevations. Lecture XX.). This eccentric is 
connected by its eccentric strap and rod to a straight link, 
actuated by a horizontal screw, and a pair of bevel pinions, so that 
different grades of travel, and, therefore, of expansion, may be 
given when required. The nearer the eccentric rod is placed in 
line with the expansion valve spindle, the greater the travel, and 
the later the cut off. Another method of effecting the same object 
is that known as " Meyer's Valve Gear." It is identical with the 
above in every respect, except that the link is dispensed with, and 
the upper and lower expansion plates are respectively threaded 
on to right- and left-haiided screws cut on the expansion-valve 
spindle. Outside the valve casing, a wheel is fixed to the ex- 
pansion-valve spindle, whereby it may be turned round, and the 
expansion plates moved further apart or nearer together, in order 
to vary the point of cut off to any desired extent. 

SpedficcUion for the 8,8, ** St. Bognval^8 " Expansion Valve,— 'io be fitted 
to the back of the high-pressure cylinder slide valve, and arranged to cut off 
at from 12 inches to 36 inches of the stroke of piston, and so made that 
the different grades of expansion can be adjusted from the starting plat- 
form while the engines are at work. 

Starting and Beversing Gears. — In many land engines, such 
as those used in factories and for electric-light dynamos, fans, 
pumps, (fee., there is no necessity for reversing gear; but in 
marine engines, locomotives, submarine cable telegraph engines, 
winding engines for mines, <!ec., reversing gear is absolutely in- 
dispensable. 

Single Loose Eccentric Beversing Q^ar. — In slow-going 
paddle steamers, the reversing of the engine was formerly usually 
done by means of a single eccentric, fitting loosely on the crank 
shaft, and driven forward or backward by a projecting feather 
fastened to the crank shaft. 

The method of starting and reversing an engine by this device 
is as follows : — 

First,-— LMt the gab, G, clear off the valve-spindle pin, V S P, by 
means of the handle, H. 

Second. — Move the slide valve by means of a lever (not shown), 
so as to let steam into the steam port for moving the engine ahead 
or astern, as required. This causes the stop, S, which is fixed to 
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Single Loose Eccentric Reversing Gear. 
Index to Parts. 



E P for Eccentric pulley. 

ES ,, Eccentric strap. 

ECW ,, Eccentric counter-weight. 

C S „ Crank shaft. 

S „ Crank-shaft stop (feather). 



F, B for Forward and Back b 

on ECW. 
E R „ Eccentric rod. 
H „ Eccentric-rod handle. 

G „ Gab. 

G S „ Gab strap. 
V S P „ Valve -spindle pin. 



tops 



the crank shaft to come into firm contact with the forward, F, or 
backward, B, projection on the eccentric pulley counter-weight, 
E C W. This counter-weight, being bolted to the eccentric pulley, 
E P, in the proper position, carries it round with it either forward 
or backward, according to the direction in which the crank shaft 
forces it. 

Third. — When the engine is fairly under way, drop the handle, 
H, when the valve-spindle pin, V S P, will fall into the gab slot, G, 
and the engine will go ahead or astern, as the case may be, until 
it is necessary to stop or reverse. The mere act of lifting the gab 
clear from the valve-spindle pin stops the engine, and the gab 
strap, G S, prevents the pin falling away too far from the eccentric 
roii by keeping it up to its flat under-side. It will be observed 
that this form of reversing gears requires some manipulative skill, 
as well as considerable efibrt to work the valve by hand. This 
may be easy to accomplish in the case of slow-going engines of 
small power, but it would be very awkward with locomotives or 
large high-speed compound marine engines. 

Beversing Link Motion. — The reversing of an engine which 
has ordinary slide or piston valves is most easily effected by means 
of a combination of links and rods, which is known as Stephen- 
son's " link motion.'^ In order that an engine may work in both 
directions, the eccentric which moves the valve must always 
remain at a given fixed angle in advance of the crank ; and evi- 
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dentl>, with one eccentric fixed on the shaft, the position of this 
advance is dependent upon the direction of rotation, and is not 
the same when the engine rotates in either way. The arrange- 
ment by which the desired object is attained with Unk motion is 
as follows : — ^Two eccentrics are fitted to the crank shaft, side by 
side, the one being set in such a position relative to that of the 
crank as to control the valve's motion when the engine is going 
in one direction, and the other in a position to control the valve 
when the engine is rotating in the opposite direction. These 
eccentrics are connected by separate straps and eccentric rods to 
the ends of a link, in which a block connected to the valve rod is 
fixed, and which is capable of sliding from end to end. When 
the link is drawn to the one side, the block, being stationary, 
comes into line with one of the eccentric rods, and the valve is 
worked by the eccentric to which this rod is attached. If the 
link be pushed over to the other side, the other eccentric comes 
into play with the valve, and the engine rotates in the opposite 
direction. If the link be placed so that the block is at the middle 
of the link, then the engine stops, since the valve is thrown 
into its mid-position. Here the link simply oscillates about the 
block on the end of the valve rod as a centre, with a to-and- 
fro travel equal to the lap plus lead. The steam admitted to, 
say, the front end of cylinder by uncovering the steam port by 
the amount of the lead is cut off about | stroke, and released 
shortly after J stroke. Steam is admitted on the other side or 
back of piston at about | stroke, and compression takes place 
>n front side very soon after release, so that the small quantity 
>f steam which is admitted is so hampered in its action by 
aarly release and compression and the opposing force of early 
admission from the other side, that, when the block is in mid- 
gear, the piston is brought to a halt, and the engine cannot 
revolve. To trace out the complete and precise action of the 
slide valve, and the distribution of the steam for different 
positions of the link, is a difficult problem, and only suited for 
Honours students. 

The construction of these links is very varied. One form is 
shown in the following figure. It is a very simple form, and 
has been used for small engines for many years. It consists of a 
flat piece of iron with a circular slot in it, in which a block 
attached to the valve rod is fitted. This block is able to slide 
lengthwise along the link. The link has two snugs formed on 
one side for the attachment of the eccentric rods; and also a 
snug at one end, by which the link is hung, and may be moved 
back and forward so as to bring the valve rod over one eccentric 
rod or the other. This link gives a more irregular motion to the 
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The Slot Link. 

valve than some of the other forms, although it works on the 
whole fairly well, and it is more difficult to adjust when it 
becomes worn. 

One of the best forms of link-reversing motion (although one of 
the most expensive to make) is shown in the diagrams of the s.s. 
aS'^. RognvoMs engine, and in detail on the next page. This link is 
formed of two bars fixed together at the ends, and with the valve 
block sliding between them. The eccentric rods are forked, and 
are attached to the links near their ends by pins, which are forged 
on to the links. The drag links are attached to the middle of the 
links, L, by the drag-link pins, D L P, and either eccentric-rod end 
may be brought to coincide with the centre-line of the valve-rod 
block. The various working brasses can be adjusted for wear. 
We have already described the construction and action of an 
eccentric, so that we need here merely draw attention to the 
figure of the St. RognvaldJs eccentric. We would recommend the 
student to make a scale drawing (side and front view), connecting 
together, in their actual working position, the eccentric, strap, 
rod, link, valve spindle, and valve for the low-pressure cylinder 
of these engines, after carefully comparing the specification of 
the various parts with the working drawings given in this Lecture 
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and Lecture XX., and then to make a working model, in metal or 
cardboard, to the size of his scale drawing, including the steam 
ports, so as to study the action of the link motion from actual 
observation. 




Index. 

L for Link bars. 
E B „ Eye blocks (fitting 
valve-spindle eye). 



End View of Valve- 
spindle Eye Block.-> 



S.S. "St. Rognvald's' 




Index. 

D L P for Drag-link pins. 
ERP ,, Eccentric-rod 
(end) pins. 

-^-Cross Section through 
Drag-link Pins. 



Link-motion Baes and Valve-spindle 
Eye Block. 



Sped fication for the 8.8. "St. RognvaMs" Valve Motion. — To have double- 
bar link motion, each bar of which to be of mild steel, i^ inch thick 
and^ 4 inches broad, with studs for upper ends of eccentric rods, 
2|^ inches diameter, 2§ inches long. The centre part to have a boss, 
3 inches diameter and 2% inches deep, for receiving drag-link pins, all 
forged on solid. Eccentric rods, 2\ inches diameter at smallest part, 
tapering to 3} inches diameter at lower end, to have double jaws at 
upper ends with hard brasses and wrought-iron covers, and secured with 
steel bolts and double nuts. Lower ends to be J_ -shaped, and secured 
to eccentric straps with steel studs and double nuts. Valve spindles to 
be of forged mild steel, 34 inches diameter, with large eye at lower 
end, lined with hard brass for valve-link block (which is to be of 
cast steel with bard brass adjusting slips above and below link). I'd 
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have adjustable gnides attached to under sides of vaVve casings, with 
rectangular hard brasses secured with wrought-iron covers and studs. 
Upper end of high -pressure cylinder valve rod to have brass dome guide. 
Upper end of low-pressure cylinder valve rod to have a balance piston 
and cylinder, 12 inches diameter, on top of valve-casing cover. Eccentric 
pulleys to be 3 f inches broad, of cast iron, keyed on crank-shaft couplings, 
by single key with head, and steel pinching screws, and to have straps 
fitted to them made of gun-metal with cast-iron parting pieces, and 
secured with steel bolts and double nuts. Drag links to be of wrought 
iron (double), and made adjustable at all the working parts with hard 
brass bearings. 




S. "St. Rognvald's" Eccenteic Rods. 



Eccentric Bods. — These rods are usually made of wrought 
iron, and separate from the eccentric straps, unless they are small 
or very short, when the strap and rod may be forged in one, with 
the latter lined inside with brass. The shank of the rod in the 
above illustration is round, and tapered from the ± foot towards 
the U forked end. Eccentric rods are, however, frequently made 
rectangular in section, which is the natural form to resist the 
stresses ; but they are more expensive to make, more troublesome 
to keep bright, and do not lessen the weight of the rods very much. 
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Index to Parts. 

B P for Balance piston (cone). 
B P R „ Balance -piston rod. 

V S „ Valve spindle. 

V S E „ Valve-spindle eye. 
EN „ End nuts. 

P P „ Parting pieces, or 
stripping blocks. 




H^ 




^—4 



i^ 






•^^^ 



f^Ss^ 



l--i- 



Side View. End View. 

S.S. *'St. Kounvald's" Valve SriNDLig^^^yQoOQlc 
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Half Outside. Half Section. End Views. 

S.S. **ISt. Rognvald's" Eccentric Pulleys and Straps. 
Index to Parts 



C S for Crank shaft. 
EP ,, Eccentric pulley. 
E S ,, Eccentric strap. 
PP ,, Eccentric-strap parting, or 
stripping piece. 



ERF for Eccentric-rod foot. 
K ,, Eccentric-pulley key way. 

S P „ Eccentric-pulley set pins. 
S „ Studs and cotters for fixing 

halves of E P together. 



Digitized by VjOOQ IC 



LECTURE XXIII. QUESTIONa 23 I 



Lbotubb XXIII.— Qubbtions. * 

1. In marine engines with large cylinders it often becomes necessary to 
diminish the travel of the slide valve, while keeping a considerable opening 
of the ports for the admission of steam. Sketch a section through a valve 
and ports, showing how this can be done, and put the valve in its position 
for the commencement of the stroke of the piston. 

2. Describe the modified form of D slide known as a *' double-ported " 
slide valve. Sketch a section through the valve and ports, showing the 
position of the valve when just opening for steam. When is it desirable 
to adopt a valve of this construction 7 (S. and A. Exam., 1887.) 

3. Sketch, both in plan and section, a slide valve suitable for the low- 
pressure or intermediate cylinder of a large marine engine. You are 
required to show the contrivance at the back of the valve for relieving the 
pressure on its face. 

4. Sketch and describe a piston valve. What are the reasons for adopt- 
ing this form of valve in preference to ordinary slide valves f Explain its 
advantages and disadvantages. 

5. Describe any form of valve suitable for an expansion valve, such as a 
gridiron valve in a condensing engine. Show the method of actuating such 
a valve, making any necessary sketches. 

6. What is an expansion valve 7 Sketch such a valve, and show where 
it is placed with reference to the ordinary slide valve, and explain the 
manner in which it acts. 

7. A marine engine is provided with an ordinary three-ported valve (the 
S. and A. examiner here means a valve like the s.s. St. BognvaJSs high- 
pressure cylinder slide valve), but has a back cut-off valve for varying 
the grades of expansion. Sketch the combination in section, and explain 
its action. 

8. What is the object of a separate expansion valve, and where is it 
placed 7 Sketch a section through a gridiron expansion valve. If such a 
valve has a travel of i inch, and the ports are 12 inches wide, how should 
the valve be constructed so as to give a maximum opening of i square 
foot 7 (S. and A. Exam., 1887.) Am. Use 6 openings, each i" wide. 

9. Sketch and describe some form of slide valve which is fitted with a 
variable expansion slide at the back. (S. and A. Exam., 1887.) 

10. How is an engine reversed when fitted with a single eccentric which 
is not keyed to the driving shaft t (S. and A. Exam., 1887.) Sketch and 
describe the apparatus. 

11. Sketch and describe Stephenson's Link Motion, and show how it 
works. 

12. Sketch to scale the side and end views, and describe the construction 
and action of the low-pressure cylinder slide valve, valve spindle, link 
motion complete, with eccentric, strap, and rod, of the 8.8. 8t, Bognvcid, all 
connected together in proper working order. 

13. Sketch and describe any form of balanced slide valve. What is the 
purpose of the arrangement ? What is the advantage of a double-ported 
slide valve over one with single ports, and when would such a valve be 
used 7 (S. & A. Exam, 1892.) 

14. Explain the manner in which a marine engine is reversed when 
fitted with a single eccentric sheave which can be shifted in position upon 
the shaft. (S. & A. Exam. 1892.) 

* See Appendix for more recent P. & A. QueBtions. 
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Contents. — Condensers — Jet Condenser — Surfaoe Condenser — 
Air Pnmp— Circulating Pump. 

Condensers.— Condensers are of two kinds— ;;6^ condensers and 
8urfa4^ condensers. In the jet condenser the steam is condensed 
by being brought into actual contact with cold water ; while in 
the surface condenser the steam condenses upon thin metallic 
surfaces, which are kept cool by circulating cold water on the 
other side. In Lecture TX. we dealt very fully with the quantity 
of water required for condensing i lb. of steam by the jet con- 
denser, so that we need not refer to this again. 

Jet Condensers.* — Jet condensers may be of almost any form 
which is suitable for the engines to which they are to be fitted. 
They consist essentially of a cast-iron chamber, in which the 
exhaust steam from the cylinder and cold water are freely mixed. 
The bottom of this chamber is connected to a pump known as the 
air pump, the function of which is to draw off the water and any 
air or vapour which may be in the chamber. The condensing 
chamber or condenser must be of sufficient capacity to prevent 
flooding — i.6., becoming filled with water — ^but should not be 
larger than is absolutely necessary for the air pump to form a good 
vacuum after the engine starts. The bottom of the condenser 
should be inclined towards the side to which the air pump i& 
connected, so that all the water may run into the suction end of 
the pump. The inlet for the steam should be high up in the 
condenser, and is usually a plain pipe. The water-injection inlet 
should be formed with a perforated pipe or rose, carried well into- 
the middle of the condenser, or opposite the end of the steam pipe,, 
so that the water may be fairly distributed, and the condensation* 
of the steam be almost instantaneous. If the condenser is very- 
large, or of a long shape, two rose injection pipes may be fitted withi 
advantage. There is a small snifting or air valve opening out- 
wards from the condenser fixed near the foot to facilitate blowing: 

* See figures of Watt's Engines, Lecture XVIII., for positions and form 
of jet condensers ; also the plans in Lecture XX., for G I P, the common' 
injection pipe fitted into the exhaust pipe of the 8»s. St. RognvcUdU engines^, 
which acts as a Jet condenser. 
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through before starting the engines, and thus clearing out all air. 
It is imperative that aJl the joints should be thoroughly air-tigh£, 
otherwise a good vacuum cannot be maintained. 

SvAiface Condenser. — ^The surface condenser, as usually made, 
consists of a cast-iron chamber, having a large number of thin 
brass tubes passing from one side or end to the other. These 
tubes are kept cold by forcing cold water through them by 
means of the pump known as the circulating pump. The 
exhaust steam, which is admitted into the condensing chamber, 
comes into contact with the exterior surface of the tubes, and is 
condensed by the cooling effect of the water they contain. In 
some few cases this order of things has been reversed, and the 
steam passed through the tubes wMie the cold water is circulated 
outside. ** Baffle" plates are usually fitted immediately opposite 
the steam entrance, in order to distribute the steam evenly over 
the tubes. The condenser tubes are usually divided into groups 
or tiers. The cold water is forced through one tier of tubes, and 
then returned back across or along the condenser by another 
tier. The number of tiers is usually from two to four. The 
best method of -working is to cause the hottest water to meet 
the hottest steam. Thus, if the steam enters at the top of the 
condenser, and the tubes are horizontal (as in most marine 
engines), the cold water should be forced in at the bottom, and 
passed first through the lowest group of tubes, returning along 
the group next above the lowest. The water is thereby con- 
siderably raised in temperature, and just previous to its being 
discharged from the condenser it passes through the highest 
group of tubes, which group is first acted upon by the steam. 
The condenser tubes are usually about f inch outside diameter, 
and are of tinned brass. They are fitted into l)rass tube plates, 
and packed to prevent leakage. The methods of packing them 
are very varied, but one of the best which is in general 
use is worthy of notice, and is shown in the figure (p. 2^6\y 
which represents the method adopted in the s.s. St, Rogrwalda 
condenser. The brass tube plate, T P, is from i to i^ inch thick, 
and has holes bored in it to receive the tubes, T. These holes are 
bored \ inch (or a little) larger in diameter than the tubes, for 
about I inch into the thickness of the plate, and are screwed 
so as to receive small brass stuffing glands, G — the diameter of 
the holes for the remainder of their length being only slightly 
larger than that of the tubes, to allow freedom for packing. 
Hemp or other suitable packing is wound round the tubes in the 
annular spaces between the tubes and the plate, and this packing 
is held firmly in position by the screwed glands. The glands are 
simply brass ferrules (screwed in long lengths from ordinary brass 
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Elevation and Cross Section 
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iKDEx TO Pasts. 

for Main column. 
„ Guide for piston-rod 

crosshead. 
„ Exhaust pipe from 

LPC. 
„ Distributing plate. 
„ Man hole, 
f^ C W P „ Circulating water pipe 
V (inlet). 

■ -> „ Direction of cold water. 

; mh-> „ Direction of steam. 




Front Elevation. 
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tubing, cut off with a circular saw, and notched), which fit loosely 
on the tubes, and are screwed externally to fit the screwed hole 

in the tube plate. They 
have a sht on one end, so 
that they may be screwec 
home by means of a brace 
fitted with a screw-driver 
bit. When the condenser 
tubes are vertical, the glands 
are made as shown in the 
diagram, with a small in- 
ternal flange or shoulder, to 
prevent any end movement 
of the tubes ; but when the 
tubes are horizontal, this 
flange is frequently omitted. 




Condenser Tube Packing. 



From what we have just said, and with the specification and 
"Index to Parts" which follow the illustration of the s.s. aS'^. 
Rognvald's condenser, the student should have no difficulty m 
thoroughly understanding it. . 

Specification for the 8.8. " J^. Rognvald's " Condenser.— To be of the hori- 
zontal surface-condensing type, placed in a fore and aft position on port 
side of sole plate. The metal to be i J inch thick, with strong ribs under 
columns, and the condenser to be well secured to sole plate and cylinders, 
with turned and fitted bolts and nuts. Tube plates to be i| inch thick, 
of cast brass, and secured by brass bolts to condenser flanges. Tul^ to 
be solid drawn brass f inch external diameter, of number 18 B.W.U., 
except the two top rows, which are to be 16 B.W.G. All tubes to be 
tinned inside and outside, and to have a total condensing surface of 2800 
square feet. The ends of the tubes to be packed with best red rubber 
rings, and so fitted as to provide for expansion and contraction. Brass 
stay plates, f inch thick, to be fitted inside condenser where required, 
and secured by brass studs and nuts. Condenser to be fitted with spray 
pipes, so as to be able to work as a jet condenser if necessary. Doors to 
be fitted in top and bottom of condenser where required, for examining or 
cleansing it. Condenser end doors to be made in two pieces, each having 
snugs for lifting shackles, and sight doors 10 inches diameter opposite ends 
of tubes. A brass supplementary feed cock, i inch diameter, to be ntted 
to the condenser to admit circulating water. 

With the surface condenser, the condensed steam, and conse- 
quently the feed water, are kept entirely separate from the circu- 
lating water, and only a very little salt water (or, better, fresh water 
from a separate condenser or fresh-water tank) has to be added 
by an auxiliary feed pipe, in order to make up for any leakage 
that may take place. A careful engineer has therefore little or 
no necessity for blowing off, and he can run his boilers for two 
months at a time without changing the water in them, or allow- 
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in<^ more deposit to accumulate than a thin skin less than the 
thickness of a sixpence, which is considered beneficial if evenly 
deposited, as it prevents pitting of the boiler plates. 

Air Pump. — As we have remarked before, the duty of the air 
pump in the case of a jet condenser is to discharge the whole 
of the condensing and condensed water as well as the air into the 
hot well, and in the case of a surface condenser to free the same 
of the condensed water as well as the air and the vapour which 
have been set free. Water contains a large proportion of air 
mixed with it, unless it has been expelled by one or other of the 
special methods now adopted in connection with high-pressure 
engines. The air expands in the condenser, and would consider- 
ably diminish the vacuum, if it were not taken out at every stroke 
of the air pump. Besides this air, there would, of course, be an 
accumulation of vapour or low-pressure steam in the con- 
denser, from the condensed water under the action of a partial 




Are Pump Bucket. 
vacuum, and this vapour would soon fill the condenser and 
also spoil the vacuum, if it were not extracted by the air pump. 
Consequently, we see that the chief work which the air pump has 
to perform is to free the surface condenser of air and vapour, for 
a very small pump would suffice to extract the condensed steam. 
Care must, therefore, be taken not only to have a thoroughly 
efficient, but also a sufficiently large air pump, in order to main- 
tain a good vacuum. 

The above figure shows a vertical section through a small air- 
pump bucket. The pump rod is enlarged at its lower end and 
tapered to fit the bore of the boss. A tapered cottar through thft 
rod secures the india-rubber and check valve in position. This 
bucket is packed with Eamsbottom rings in the same way as the 
box pistons shewn in Lecture XXI. The usual plan of packing — 
especially for large air pumps — is that indicated by the next 
figure ; where the recess in the periphery of the bucket is filled 
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Index to Paets. 

A P C f or Air-pump crosshead. 
APR,, Air-pump rod. 

Pump bucket. 

Hemp packing. 

Brass chamber. 

Foot valve (suction). 

Bucket valves. 

Delivery valves. 

Hot well. 

Foot-valve cover. 

Bracket (for fixing to 
surfacecondenser). 

Bracket (for fixing to 
circulating pump). 

Direction of flow. 
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S.S. "St. Rognvald's" Air Pump. 
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Index to Paets. 

C H for Crosshead. 

,, Pump rod. 

,, Circulating 
pump. 

„ Pump chamber. 

,, Pump bucket. 

,, Suction pipe. 
SV, DV „ Suction and De- 
livery valves. 

,, Valve guards. 

,, Circulating 

water pipe, or 
discharge pipe. 

„ Door to valve 
chamber. 

„ Bracket (for 
fixing to air 
pump). 

„ Bracket (for fix- 
ing to surface 
condenser). 



S*S. " St. RoGNVALD'g " Circulating Pump. 
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up to the bore of the chamber barrel with hemp yam twisted into 
a firm square section and then wound tightly round the bucket. 

Specification for the 8.s, ** St, BognvaJd'a^' Air Fump,— To be 21 inches 
diameter and 28 inches stroke, worked by forged wrought-iron levers from 
the crosshead of after-engine. The brass chamber, B Ch, to be j inch 
thick ; it, as well as the bucket, A P B, valves, B V and D V, seats, and air- 
pump rod, APR, covering, to be all of cast brass. The foot valve, F V, to 
be placed clear of bottom of pumps for easy examination. Patent metallic 
valves, of approved make, to be fitted throughout, and a drain cock, 
2 inches diameter, to be fitted to bottom of pump. A small air valve to be 
fitted to pump under discharge valves, D Y. 

Circulating Pumps. — Circulating pumps are only employed 
in connection with surface condensers. They are of three kinds 
— single, or double-acting reciprocating, and rotary pumps. The 
single-acting pump should be provided with a good-sized air vessel, 
about double the capacity of the pump, in order to cause a steady 
flow of water through the condenser tubes. It, as well as the 
double-acting one, should have a small inlet air valve or pet valve, 
so placed as to automatically admit a sufficient quantity of air to 
act as a cushion, and thus prevent the natural vibration and 
noise due to the momentum of the water ; also a small pipe and 
cock, or bye-pass^ connecting the suction and delivery chambers, 
to regulate the supply of water without putting any over-stress 
on the pump. 

JS^Mcification for the 88, ** St, Sognvald't *^ CircuUUing Pump, — The engines 
to be fitted with one double-acting circulating pump, P, 11 inches dia- 
meter and 2S inches stroke, placed alongside of air pump, with cast-brass 
chamber, P Gh, and solid brass bucket, P B. Valve seats, S Y and D Y, 
and guards, V Gr, and pump-rod liner, P B, to be of cast brass, and valves 
of best red rubber. Pump to have a 5i" suction non-return valve, with pipe 
from engine-room bilge fitted with a lead rose box. All the bolts and nuts 
in and about these pumps and condenser which are exposed to sea water to 
be of brass. A small air valve to be fitted to each end of pump. 
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Lectube XXIV.— Questions. ♦ 

t. What is surface condensation 7 Distinguish between a surface con- 
denser and a jet condenser. Describe the method of carrying out each 
system of condensation, making any sketches you think necessary. 

2. Sketch a section through a surface condenser, showing the passage 
of the water and steam through it. By what means is the flow of water 
kept up ? (S. and A. Exam., 1887.) 

3. Mention some of the advantages of a surface condenser as applied to 
marine engines, and draw in section a surface condenser, showing the mode 
in which water is caused to circulate through it. How are the tubes fitted 
so as to avoid leakage ? How is the vacuum ascertained ? 

4. A surface condenser consists of 1000 brass tubes, each 6 feet long and 
} inch outside diameter. What amount of cooling surface does this give ? 
Supposing that such a surface condetiser is to be fi tted to an engine, what 
pumps, valves, &c., would be required, and how would you arrange them in 
order to put the apparatus into working order ? Arts. 11 78 "5 sq. ft. 

5. A surface condenser has 1725 tubes, each 6J feet long and f inch 
outside diameter, what amount of condensing surface do they give? 
Write down two numbers which express pretty nearly the relative con- 
ducting powers of copper and iron. How are the condenser tubes usually 
fitted and kept tight ? Ans. 2202 sq. ft. 

6. A surface condenser has 900 tubes, j" internal diameter, ^" thick, 
and 6' 6" long. Find the cooling surface in square feet. -4n«. ii49sq. ft. 

7. A boiler has a heating surface of 1230 square feet. The cooling sur- 
face of the condenser is required to be 90 per cent, of the heating surface 
of the boiler. How many tubes J" external diameter and 9' 4" long will 
be required ? Ana, 604. 

8. If the thickness of the tubes in the last question be ^ inch, find the 
weight of the tubes and the weight of water to fill them. (Here refer to 
Table at the beginning of Lecture III.) Ana. 1388 lbs. ; 751 lbs. 

9. Sketch a section through a single-acting vertical air pump, showing 
the construction of the bucket and also the position and construction of 
the valves. 

10. Sketch a section through the air pump and condenser of a con- 
densing engine ; name the several valves and essential parts, and point out 
their uses. Show the construction of the valves. (S. and A. Exam., 1888.) 

11. Sketch a section through a double-ncting circulating pump for 
marine engines, and describe its action and give a complete index to parts. 

1 2. Marine engines are fitted with a so-called <air p-.imp, circulating pump, 
feed pump, and bilge pump. What are the respective uses of these pumps ? 
Show, with a sketch, the construction of any one of them, and explain how 
it acts. (S. and A. Exam., 1889.) 

13. Sketch a section through a vertical air-pump, together with the foot 
and delivery valves. The bucket plunger has a valve in it, describe the 
construction of the valve and the packing of the plunger, and show by your 
drawing the method of attaching the pump rod to the bucket. Which 
valves are open during the descent of the bucket ? (S. & A. Exam. 1890.) 

14. Sketch a sectional elevation of a double-acting air-pump with foot 
and delivery valves, such as is suitable for a direct-acting engine. Describe 
clearly the construction of an india-rubber disc valve. (S. & A. Bxam. 
i89i.) R 

* See Appendix for more recent S. ft A. Questions. 
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OONTBNTS.— Crank Shafts— Thrust Shaft, Block, and Bearing— Inter- 
mediate Screw Shafts — ^Bnd Screw Propeller Shaft — Stem Tube — 
Ordinary Form of Screw Propeller. 

Crank Shafts. — As explained in Lecture XIY*, the crank of 
an ordinary steam engine enables the reciprocating to-and-fro 
motion of the piston in the cylinder, to be converted into the 
circular motion of the crank shaft through the intervention of 
the piston rod and connectiDg rod. In the case of land engines 
employed to drive in factories and workshops, the power developed 
in the cylinder and transmitted to the crank shaft is usually 
conveyed to the shafting by means either of a spur wheel keyed 
to the crank shaft, or by a flat pulley with belting, or by a WW 
grooved fly wheel and rope drive. In marine paddle engines the 
crank shaft is invariably connected direct to the paddles, and in 
screw engines through intermediate shafting to the screw. In 
locomotives, the crank shaft is connected direct to the driving 
wheel. In the case of engines for driving dynamos, the power 
may be transmitted by pulley and belting, or the crank shaft may 
be coupled direct to the dynamo spindle, when high-speed engines 
are employed. Whichever plan be adopted, the main object aimed 
at is to transmit the power developed in the cylinder as direct and 
undiminished as possible to the machinery. 

Crank shafts are subjected to bending and twisting stresses, and 
must be made sufficiently strong to withstand these, as well as 
stiff enough not to spring and heat the bearings. Any remarks in 
an elementary treatise like this must be confined to merely de- 
scribing the different forms of crank shafts, leaving an investiga- 
tion of their dimensions to our more advanced courses of Steam 
and Applied Mechanics. 

Single-cylinder land engines have but one crank, which is fixed 
either at the end of the shaft, as shown by the first figure, or with 
two crank webs and outer and inner bearings, as shown by the 
second figure. 

Locomotive crank shafts for outside-cylinder engines simply con- 
sist of plain shafts, keyed firmly into the driving wheels at each end 
— the crank pins being fixed into solid bosses in the wheel at the 
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Bessembb Steel Crank Shafts fob Land Engines. 

proper radius from the crank-shaft centre for the piston's stroke. 
Inside-cylinder engines are fitted with cranks of the shape shown 
by the following figure, and the crank webs are generally fitted 
with we]dless-steel or iron hoops, shrunk on to them, so as to 
strengthen them, and to prevent their coming to pieces and doing 
damage, should they crack or break through the neck. 





Bessemeb Steel Cbank Shaft fob Locomotives 
WITH Inside Cylindebs. 

Small launch engines or fast-speed electric-light engines are 
often fitted with very strong crank webs, as shown by the 
following figure. 




Cbank Shaft fob Laiwch Engine. 

Marine paddle-wheel engines have their cranks usually arranged 
Hs shown by the following figure, taken from Seaton's MarvM 
Evgineering, 
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Crank Shaft foe Paddle-wheel Marine Engine. 

Marine screw engines are usually fitted with two interchangeable 
crank shafts. Up to 1 2 inches in diameter, the crank and the shaft 
are generally forged or compressed in one piece, but above that 
size they are frequently made as shown in the following figure. 
Where lightness combined with strength is desired, they are made 
hollow. (See p. 29 for figure of crank shaft for s.s. City of Rome.) 




Longitudinal View. End View. 

S.S. "St. Rognvald's" Crank Shaft. 





Index to Parts. 


C S for Crank shaft. 
CP „ Crank pin. 
CW „ Crankwebs. 


1 C for Couplings. 

Kj ,, Key (web to shaft) 
j Kg ,, Key (web to pin). 



Specification for 8.8, ^^ St. RognvalcVs''^ Crank Shaft. — Crank shaft to be 
built of best forged mild steel, made in two pieces, interchangeable and 
reversible, bolted together with bolts 2J inches diameter. Crank webs to 
be 10 inches thick, and carefully shrunk on shafts and crank pins, and 
keyed upon shafts with steel keys i f inch deep, 24 inches broad. Crank- 
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pin bearings to be 14 inches long, and 13 inches diameter ; and crank-shaft 
bearings 18 inches long, and 13 inches diameter. The whole of the bear- 
ing parts to be turned perfectly true, after being fitted together, and the 
finished shaft to be carefully fitted into its bearings. 

Thrust Bearings and Shaft. — In marine screw engines it is 
necessary to provide some means of taking up the longitudinal 
thrust of the screw propeller. In small engines this is often done 
by a simple collar on the shaft, which bears against the flange of 
the aft main bush in the sole plate ; but when the thrust is great, 
this plan is not sufficient, and a " thrust block " is fitted. The 
form of thrust block which was chiefly in use until recently 
Is shown in the following figure. An enlarged portion of the 
screw shaft next to the crank shaft has a number of rings cut in 
it, and these rings fit itito corresponding recesses in a large brass 
bush. These recesses are formed either by having rectangular 
grooves bored out of the brass or by the insertion of brass rino^s 
into checks bored out to receive them, as shown in the llgure. This 




Common Small Thrust Block. 
arrangement has been found to work very well for small sizes, and 
when eflectually prevented from heating. When it heats it gives 
great trouble, and adjustment cannot very well be effected at sea. 
A much better form of thrust hlock, T B, is shown in the next 
figure. In this block, the thrust is supported by independent horse- 
shoe shaped pieces of cast iron, H S, which are faced with white 
metal. These thrust pieces fit between rings, C^ to C^, turned on 
the screw shaft. They are secured on each side of the shaft to the 
thrust block, but are capable of independent adjustment by means 
of the nuts and set screws, A S, on each side, or, of adjustment as 
a whole, by the nuts at each end of the rods which support them 
at the sides. This block has some advantages over the old form, 
the principal of which are— (t) The horse-shoe pieces are separate 
and independent of each other, and they may be adjusted, or taken 
out separately for examination, without stopping the engines. 
(2) The lubrication is more easily effected, since the hollow casing 
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of the thrust block below the shaft may be filled with oil and soapy 
water poured in through the oil cups, C. The rings on the 
shaft revolve in this mixture, and thus every part of the bearing 
is kept continuously lubricated with little attention and trouble. 

A thrust bearing, of course, affords no lateral or vertical support 
to the shaft; its office is simply that of taking the end thrust and 
transmitting it to the whole ship. Consequently the shaft should 
always be supported close to the thrust bearing by an ordinary 
pillow block, or bearing, such as OB, shown in the figure. 

Sp^dficaiionfor 8.8. " 8t. Bognvald'8 " ITirtut Bearing Block and Shaft.^To 
be a strong casting of iron, fitted with 5 cast-steel horse-shoe pieces, faced 
with approved white metal, and finished ^ inch above the surface of cast 
steel. Each horse-shoe piece to be independently adjustable in a fore-and- 
aft direction on 2 mild steel rods i{ inch diameter, with brass adjusting nuts. 
The sole of block to have 4} feet of bearing fore and aft and 3 feet athwart 
ships, securely fastened with turned and fitted bolts, and nuts, to a very 
strong wrought-iron stool, worked on to ship's floors and keelson, the rivet 
holes of which are to be all rimered perfectly fair before rivetine. A large 
box to be formed at bottom of bearing, with a drain cock and pipe leid 
through water-tight bulkhead. A large oil box and water cock to be fitted 
to each collar. The thmst shaft to be made of best selected scrap iron 
12^ inches diameter, and not more than 12 feet Jong, with 4 solid collani 
18} inches diameter outside, and 2| inches thick. 

Intermediate Screw Propeller Shafting. — ^These are simple 
plain shafts with large couplings at each end, of the shape shown 
in Lecture III., p. 23, Example VII., properly supported at 
suitable intervals by ordinary bearing blocks. 

/Sjaec^ieaHonfar 8^. **St.BognvdleP8 " Intermediate Shaft8,— To be forged of 
best selected scrap iron, 12I inches diameter, turned all over, made with solid 
couplings, and secured with well-fitted bolts and double nuts. Bearings, 
lined with approved white metal, to be supplied for shafting in tunnel, 
where required, each fitted with a water cock and tallow box on top, and 
saucers below the fore and after sides of each bearing. Wrought-iron 
stools to be made for the support of each bearing properly secured to ship's 
floors. 

End Screw-Fropeller-Shaft, Stem Tube, and Propeller. — 
This shaft is the tail or end shaft, and carries the screw propeller. 
In rough weather, it is subjected to veiy severe bending and 
twisting stresses; for in addition to the ordinary twisting stress due 
to the power of the engine forcing it round, and the bending stress 
due to its own weight and that of the screw, the pitching of the 
■hip brings into play extra bending stresses. 

The usual method of securing this shaft to the screw propeller 
in mercantile steamers, and the way in which the shaft is sup- 
ported by the stem post and after-bulkheads, will be most easily 
understood by referring to the following figure and index to 
parts, M well as the specification of the bm. St. EogtwaUTs propeller- 
shaft, stem tube, and propeller. 
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Spedfical^wifw §.$, "St, Jlognvdld's " IVopeller Shaft.— To be of best forged 
mild steel 12} inches diameter, and covered with brass liners f inch th&k, 
for stern-post, S P, and stnffing-box, S B, bearings. 

S.S, "^. Bognvalda'* Stern !Z\«6e.— The stem tnbe, ST, to be of Tery 
strong cast iron 1} inch thick, firmly secured into stem post, SP, and 
fastened with a strong wrought-iron nut, A, outside. To have a brass bush 
at outer end 3 feet 9 inches long, lined with staves of lignum-vitae, L V, 
and fastened into the tube with an outer flange and 6 brass screw pins 
\\ inch diameter. Inner end of tube to have a stuffing box, S B, 12 inches 
deep, with brass neck ring 10 inches deep. The gland to be bushed with 
brass, and to be secured with 6 brass studs i\ inch diameter, having brass 
nuts. Two of these studs to be long enough to admit of stuffing box being 
packed. 

S.S. " St. BognvalcFs " PrcpeUer. — Propeller boss, P B, to be of very strong 
cast iron, and fitted with four removable blades of mild cast steel, each of 
which is to be fastened to the boss with flanges 29 inches diameter, 2} inches 
thick, by 9 mild steel studs 24 inches diameter. The studs to be fitted with 
brass nuts, B N, capped, and each provided with a brass pinching pin, to 
prevent slacking back. The after-end of shaft to be tapered J inch to i foot, 
and boss secured to it with a key the whole length of boss (2^ inches broad 
by I J inch thick), and a strong wrought-iron nut, WIN, with a steel cotter 
pin put through point of shaft to prevent the nut slacking back. 

Screw Propeller : Ordinary Form. — We do not happen to 
have received drawings of the s.s. St. Rognvald^s complete screw 
propeller, but the following figures represent one so very like it 
that, by studying the same, along with the above specification 
and drawing, the student will have no diflioulty in understanding 
the general arrangement and construction of an ordinary four- 
bladed screw, as used in mercantile steamers — referring to our 
more advanced text-book for a description of other forms, and the 
way in which they are constructed and proportioned. 

The propeller boss, P B, is usually of cast iron and spherical in 
form, and has four recesses in it to receive the blades, B. The 
hole in the boss for the reception of the screw shaft is tapered, 
and the boss is fixed to the shaft by one or two long keys or 
feathers which are sunk into the shaft, and fit a key-way in the boss. 
The boss is prevented from being drawn off endwise by a large 
nut, which nut is of opposite pitch to the propeller, and usually 
has a small tapered pin behind it, which passes through the shaft 
and prevents the nut from slacking back. This nut is sometimes 
preserved from the corrosive action of the water by a brass or 
gun-metal cap, C, which is fixed to the boss, as shown in the 
drawing. The boss is usually forced tightly on the screw shaft by 
hydraulic pressure or ramming, before the nut is screwed up. 
The blades of the screw are formed with flanges on their inner 
ends, and these flanges are faced and bolted in to the recesses 
formed to receive them in the boss. The holes in the flanges of 
^he blades are not round, but are elongated, as is shown on the 
drawing, so that each blade may be turned round a little, and ita 
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pitch altered slightly if required. The spaces between the bolts 
and the ends of the holes are filled in with small pieces of brass or 
lignum-vitae, to prevent the blade from shifting after the pitch 
has once been adjusted. Thin wrought-iron plates, fixed down by 
a small screw pin, are fitted between the nuts which hold down 
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Ordinary Screw with Four Blades. 
Index to Parts. 



P B for Propeller boss. 
B „ Blades. 
F „ Flanges. 



S S for Screw shaft. 

C „ Cap for protecting nut. 



the blades, so as to prevent the nuts from turning. In moderate 
sizes of screw propellers, the boss is always cast along with the 
blades ; and since there are no nuts or projections on it, it offers 
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less resistance to the water than when the blades and the boss are 
separate. In the drawing of the screw propeller, the flanges of 
the blades are shown projecting above the general outline of the 
boss ; but this need not be the cajse, since the flanges may be 
rounded on the top and recessed down flush with the boss, with 
the nuts also recessed into the flange of the blade. In the best 
practice large screws are made with a neat metal cap so fitted and 
£xed to the flanges of the blades as to cover-in the heads of the 
nuts and studs ; or, as is sometimes done with cheaper propellers, 
the projecting angles of the flanges and nuts are smoothed over 
with a strongly adhering kind of plaster, which resists the action 
of sea water and prevents corrosion. The great advantage of 
constructing the screw with the blades separate from the boss is, 
that if one of the blades should be damaged, it may be replaced 
without the expense of an entirely new screw, and without the 
necessity of taking the ship into dock in order to have the boss 
forced off. It has, however, been adopted for larg^ vessels only, 
since it is much more expensive. 
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Lbotubb XXV.— Qubbtionb. 

1. Sketch and describe the crank shaft for an ordinary single-cylinder 
land engine, and explain how the power of the engine is transmitted to 
the machinery which it has to drive. 

2. Sketch and describe the crank shaft for a looomotiye with inside 
cylinders. Why are the crank webs frequently fitted with a strong hoop 
shrunk on to them f 

3. Sketch and describe the crank shaft for a large uiarine engine. Why 
are large crank shafts made in different pieces, and how are these put 
together and fixed f 

4. In what way is the thmst of a propeller shaft commnnicated to the 
vessel 7 Explain yonr answer by sketches. 

5. Sketch and describe, by an index of parts, a modem screw propeller 
shaft thrust bearing. Explain how the parts may be adjusted at sea, and 
state why another ordinary bearing should be placed near it. 

6. Sketch and describe, by an index of parts, a complete line of screw 
propeller shafting, with the stem tube and screw complete. Be particular 
in showing the position, fixing, and form of the various bearings, and 
explain how the thrust of the propeller is imparted to the ship. 

7. Sketch and describe, by an index of parts, an ordinary modem f our- 
bladed screw propeller. How may a blade be replaced by a new one with- 
out unshipping the propeller ? How can the pitch of a blade be altered 
within limits, and of what advantage is this device to the engineer } 

8. The stroke of a direct acting engine is 5 feet and the crank shaft 
makes 30 revolutions per minute, find the mean speed of the piston in feet 
per minute. State your reasons for concluding that there is no loss of 
work from the oblique action of the connecting rod during successive 
portions of the stroke. Friction is neglected. (S. and A. Exam. 1S89.) 
Ans, =300 ft. per minute. 

See Lecture XVII. of the Author's Advanced Text Book on " Stf aoi and Steam Engineg,' 
by the sAme pabllsliera. 
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Contents. — Cornish Boiler — Lancashire Boiler — Marine Boilers. 

All that the first-year or elementary student can be expected to 
know about boilers is the general form of the well-known Corn- 
ish and Lancashire land boilers, a modern marine boiler, and a 
locomotive boiler, together with their most necessary fittings. 
This Lecture will, therefore, be devoted to a description of the 
three first-named kinds of boilers and a few of their mountings. 

The Cornish Boiler. — The simplest, and at the same time, 
one of the most common forms of land boiler for small powers, is 
that known as the " Cornish '^ boiler, from the fact of its having 
been first used to generate steam for the pumping engines used in 
the Cornish mines. The following diagram shows a longitudinal 
and a cross section through a Cornish boiler as now commonly 
constructed : — 




Cross Section. 



Longitudinal Section. 
CoENiSH Boiler. 



B S for Boiler shell. 



Index to Paets. 

L F for Lateral or side flues. 
FF „ FurnAce flue. BF „ Bottom flue to chimney. 

FG „ Firegrate. GS „ Gusset stays. 

DP „ Dead plate. M „ Manhole. 

B „ Bridge. SVS „ Safety-valve seat. 

FD ,, Fire door. PSP ,, Perforated steam pipe. 

The products of combustion paiss from the fire grate through 
the flue to the back end of the boiler, where they divide and 
return to the front end along the two lateral or side flues. At 
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tho front, the products of combustion pass down to the bottom 
flue, and re-uniting move off to the chimney in contact with the 
bottom of the boiler. By this arrangement the gases are reduced 
in temperature before coming into contact with the bottom of the 
boiler, where all sediment collects, and there is, therefore, no 
danger of burning the plates on the under side of the boiler. 
Sometimes the gases are discharged direct from the furnace flue 
into the lower flue ; but, unless in the case of very long boilers, 
where the gases may be considerably cooled before leaving the 
furnace flue, or where the water is very pure, this plan is 
objectionable, since the underneath plates on which sediment 
accumulates are liable to get burned. 

The furnace flue in this boiler is welded at the longitudinal 
joints, and the several rings are joined together by flanged joints. 
It is attached to the front end plate by an outside angle iron ring, 
and to the back end plate by an inside angle iron ring, whilst these 
end plates are stayed to the shell by gusset plates. The furnace 
bars are made in two lengths, and are supported at mid-length 
by a cross bearer. At the front end these bars rest upon the dead 
plate, and at the back end they are supported by the flre-brick 
bridge. When air is admitted to the furnace flue at the bridge, 
a cast-iron stool usually supports the furnace bars and the flre- 
brick, and a suitable sliding door is fltted to the stool, the opening 
of which for the admission of air is controlled from the furnace 
mouth. As a rule, however, the whole of the bridge is constructed 
of flre-brick. The external flues are built of ordinary bricks, but 
are always lined in the inside with fire-brick. 

The arrangement of the mountings and fittings, and the way 
in which the feed water is introduced, are similar to those in the 
Lancashire boiler, and therefore we need not repeat them here, as 
well as further on. 

Lancashire Boiler. — ^The Cornish boiler is only suitable for 
small powers. When great power is required from any one 
boiler, that boiler, if made of the Cornish type, would require to- 
have an excessively large furnace flue, in order to give sufficient 
grate surface. The length of the grate cannot be increased be- 
yond that which can be conveniently worked by the fireman, and 
in practice it is usually from 5 to 7 feet. A flue of large diameter 
is weak to resist collapse, unless made of very thick plates, which 
is undesirable ; hence, when great horse-power is required, the 
construction of the boiler is modified, and two flues of moderate 
size are fitted instead of one. This forms what has been termed 
the Lancashire boiler. In every other respect it is exactly the 
same as the Cornish boiler. The following diagram shows » 
complete Lancashire boiler, with all the necessary fittings. 
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Lancashibe Boileb by Messbs. a. Shanks & Sons. 





Index to Pabts. 


BS for Boiler shell. 
F D „ Furnace doors. 
MH „ Manhole. 
SV, „ Stop valve. 
SV, „ Safety valves. 




WF for Water fluat. 

S G „ Steam gauge. 

G G „ Gauge glasses. 

FW „ Feed-water cock. 

B C „ Blow-off cock and pipe. 



In the Lancashire boiler the furnaces are usually fired alter- 
nately, so that while the one is giving off smoke and unburnt 
hydrocarbon gases, the other is burning briskly, and with its 
greatest heating effect. By this arrangement, when the gases 
from the two furnaces mix in the external flues, the unburnt 
gases given off by the green fire (due to want of air and too low 
a temperature) are burnt by the excess of air which has passed 
through the other furnace, being 
I'aised to the point of ignition by 
the great heat of the gases from 
the bright fire. 

Water Tubes. — In order to in- 
crease the effective heating surface 
and promote a better circulation of 
wat«r, the flues of Cornish and 
Lancashire boilers ai'e often fitted 
with water tubes. These water 
tubes are either parallel or tapered ; 
the tapeied tube, which is the 
better form, being known as the 
" Galloway " tube, from the name 
of the inventor. The annexed 
diagram shows the construction of these tubes, and the method of 
fitting them into the flues. The hole in the upper side of the flue 
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is sufficiently large to allow the flange of the small end of the 
tube to pass through it, and the tubes are riveted to the flue in the 
manner shown. When parallel tubes are used, they are riveted to 
the flue with both flanges inside. These water tubes are very often 
welded into the flues, and this plan entirely prevents leakage at the 
joints, but if any tube fitted in this way requires to be replaced it 
must be cut out, and the welded part cut out with it, which leaves 
a very large hole in the flue. 

Water tubes of this kind, besides increasing the heating sur- 
face and inducing circulation, act as stays and thus increase the 
strength of the flues in a very material degree. 

From the following figure and the two previous ones, it will be 
seen that the fittings and mountings, such as the furnace doors, 
man holes, stop valve, safety valve, steam gauges, water-gauge 
glasses, feed-water and blow-off cocks, which require more or 
less frequent attention, are all placed outside the boiler, in the 
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most handy positions. In this figure there is shown, besides 
an outside view, a perspective view of the interior of the boiler, 
which gives a very good idea of how the internal flues are fitted, 
as well as of the (fiagonal water-tubes just referred to. It will 
be observed by the dotted white lines, leading horizontally from 
the feed- water cock, FW (situated on the right-hand side of the 
front end, and about two-thirds from the bottom of the boiler), 
that the feed- water pipe extends for a considerable distance inside 
the boiler, and that it is a perforated pipe. The reason for intro- 
ducing the feed water in this manner and position, is to prevent- 
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local contraction in the flues or boiler shell. The feed water, 
whether supplied from the hot well of a condensing engine, or 
direct from a cold-water tank, is considerably lower in tem- 
perature than the plates of the boiler at these places. Conse- 
quently, if this water were introduced, say, at the bottom of the 
boiler, or close to the tops of the furnace flues, it would cool 
these parts and cause them to contract, thus bringing an undue 
and unnecessary stress on those parts where it first impinged. The 
object, therefore, of the arrangement, as shown, is to prevent 
these stresses as far as possible, and to gradually introduce the 
coldish feed water through a series of perforated slits in the feed- 
water pipe along the line of the boiler not far under the water 
surface, and as far from the boiler plates as possible. 

Marine Boilers. — Modem steam boilers which have to resist 
very high pressures have their shells made cylindrical, since that 
is the only form for which staying is not necessary, and the flues 
are also made of this form. Cylindrical marine boilers are made 
either single or double ended — i.e., the boiler is fired from one 
end or from both ends. The former contain from one to four 
furnaces, and the combustion chambers are variously arranged. 

The following illustrations represent the boilers of the s.s. St. 
Rogmxdd, constructed to supply steam to the engines of this 
steamer, which were illustrated and described in Lectures XX. 
to XXV. 

There are two cylindrical, multitubular boilers, as shown, fired 
from one end, with four furnaces in each. The boilers are made 
of mild steel, with the exception of the tubes. Each boiler is 
15 feet extreme diameter, and 10 feet 5 inches long. The plates 
are | inch thick, in two lengths fore and aft. The circumferential 
seams are lap-jointed, and double riveted with rivets i\ inch 
diameter, and 5^ inches pitch ; the longitudinal seams are made 
with double butt-straps 1 2 J inches broad, f inch thick, and double 
riveted with rivets i^ inch diameter and 5 inches pitch. The 
end plates are ff inch thick, flanged all round, and double riveted 
to shell. The whole of the rivet holes were drilled i inch diameter 
before the plates were bent, and after being bent they were fitted 
together and the holes drilled out in place to fit the rivetfl. The 
edges of plates were planed all round, and the seams of shell 
were carefully caulked inside and outside. A baffle plate is 
fitted to the fronts of each boiler cbbove the tubes. 

The furnaces for each boiler are 3 feet 4 inches outside diameter, 
and 7 feet long, of plates ^ inch thick, the top plate being in one 
piece and jointed to the bottom plate by double butt straps | inch 
thick and single riveted. The whole of edges of i^e plates and 
butt straps were planed and caulked outside an<l inside. The two 
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Longitudinal Section.— Scale, J inch = i Foot. 
Index to Pabts. 



S for Outside shell. 

F „ Furnaces. 

CO „ Combustion chambers. 

T „ Tubes. 

FP „ Front-end plate. 



T P for Tube plates (front and 
back). 

B P „ Back-end plate. 

LJ „ Lap joint, in circumfer- 
ential seams. 
_,, , -o~" 



BOILERS OF S.S. "ST. ROGNVALD." 
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Half-end View and Cross Section.— Scale, J Inch 
Index to Parts. 



I Foot. 



DBS for 

SD „ 

SN „ 



'Double-riveted butt 
straps, with double 
straps for longitu- 

, dinal seams. 

Steam dome. 

Steam neck. 



M H for Man-hole and mud-hole 

openings. 
LS „ Longitudinal stays. 
ST „ Stay tubes. 
GS ,, Gusset stays. 
C S ,, Crown stays. ^-^ j 

SS „ Screwed stays*/ VjO Ogle 
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centre fumacee have one combustion chamber common to both. 
The two side furnaces have each a separate combustion chamber. 
The back and side plates are ^ inch thick, and are stayed with 
screwed stays i| inch diameter at bottom of thread, and pitched 
8f inches apart ; made of mild steely and fitted with nuts at both 
ends. The tops of these chambers are curved to the arc of a 
circle of 26 inches radius. 

The tubes are of iron, lap-welded, 249 in number (in each 
boiler), and 3 J inches external diameter, and No. 9 B.W.G. in 
thickness, swelled at front end to 3I inches diameter. The stay 
tubes are 75 in number (in each boiler), 3^ inches external dia- 
meter, and ^ inch thick. These tubes .are screwed into back 
tube plate, and fitted with nuts on combustion chamber side, and 
are secured into the front tube plate with nuts on each side. 

The longitudinal stays in the steam space are 2| inches diameter 
at bottom of thread, made of mild steel, and pitched 16 inches 
apart. Washers 7^ inches diameter, ^ inch thick, are fitted to 
each of the stays at both ends of boiler (outside). The end plates 
of the boiler were tapped, and stays screwed in, to a good fit, and 
afterwards caulked. The whole of the staying is sufficient for a 
working pressure of 90 lbs. per square inch. 

Steam domes are fitted on each boiler 3 feet 6 inches diameter^ 
and 7 feet long, with plates | inch thick. Their longitudinal 
seams are lap-jointed and double riveted; the circumferential 
seams being lap-jointed and single riveted. Their end plates are 
f inch thick, dished to a circle 24 inches radius, and fitted with 
one steel stay in the centre, 2f inches diameter at bottom of 
thread. The domes are connected to the boilers by strong neck- 
pieces 16 inches diameter inside, and 12 inches long, and double 
riveted to shells of dome and boiler. 

Man holes were cut in the shells of each boiler where shown, 
and they are fitted with wrought-iron doors, studs, bridges, Ac., 
and compensating rings of flat plate, and double riveted to shell. 

The complete boilers and steam domes were tested with water 
pressure to 180 lbs. per square inch, before leaving the works, 
without showing any leakage or signs of weakness. 

The boilers rest on very strong wrought-iron seats riveted to 
the ship's floors, with double angle irons on the floors. The seats 
were well stayed in a fore and aft direction. The upper part of 
boilers were securely fastened to the ship's beams, in such a way 
as to allow of the boiler expanding without opposition from the 
stays. 

After the boilers were fixed in the vessel and tested to 90 lbs. 
steam pressure, their upper parts and the steam domes were 
covered with an approved non-conducting composition, which 

Digitized by VjOOQ IC 



litABINE BOILEBS. 26 1 

extends round as far as the centre of the wing furnaces, and then 
sheathed with sheet-lead and bound with strong iron hoops. 

Each boiler has two spring-loaded safety valves, 4^ inches 
diameter, with easing gear led to engine-room platform, one steam 
stop valve 7 inches diameter, one valve for steam to winches an<f 
cranes 2^ inches diameter, one valve for steam to whistle, one 
surface blow-off valve, one bottom blow-off valve, one main feed 
check valve, one donkey feed check valve, one saiinometer cock> 
two sets of asbestos packed gauge cocks ; also an efficient means 
of circulating the water in boilers while steam is being got up. 
The whole of the above valve chests are of cast brass, with the 
exception of the safety-valve and stop-valve chests. 

The furnace fronts, doors, and centre bar bearer are made of 
wrought iron, and the dead plates and bars of cast iron. Furnace 
fronts below dead plate are fitted with damper doors, with a rack 
to keep them open to the desired amount. A wrought-iron door 
is fitted to lower part of bridge bearer in each furnace, so that 
ashes or coal thrown over the bridges may be removed. 

The uptake is formed of ^ inch and ^ inch wrought-iron 
plates, with an air space of 2 inches between them. The smoke- 
box doors have shield plates both outside and inside, and very 
strong hinges with brass pins riveted in. The funnel is formed 
of I inch and -^ inch plates, 43 feet high from fire bars, and 
6 feet 6 inches diameter, with all necessary hDops and shackles for 
stays <&€• 
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1. Sketch a lon^tudinal section of a Cornish boiler; show clearly the 
method of connecting the ends to the shell and flue plates, and mark the 
tvater level. Where is the feed water admitted, and for what reason f 
(S. and A. Bxam., 1887.) 

2. Sketch a cross and a longitudinal section of a Cornish boiler, with a 
single-fomace tube and fire grate inside the tube. Describe your sketches 
by an index to the parts, and explain how the products of combustion 
pass from the furnace to the chimney. 

3. Sketch and describe in section an ordinary cylindrical two>flued Lan- 
ca&ire land boiler with flat ends and internal flues. How are these flues 
fitted with cross water tubes. Enumerate the principal fittings and their 
uses. 

4. Sketch the front view of a Lancashire boiler, showing all the necessary 
fittings. State the uses of the principal parts in giving an index of them. 

^. Describe Galloway's water tubes, usually fitted to cylindrical land 
boilers, and show how they are fitted into their position. What advantages 
are claimed by their adoption ? 

6. Describe the construction of a marine boilor with four furnaces of 
modem type for high-pressure steam. Sketch a cross and a longitudinal 
section, showing the water spaces, with a complete index of the various 
parts. How are the flat surfaces stayed 7 

7. Sketch front end view and a longitudinal section of a modem marine 
high-pressure multitubular boiler, and calculate the heating surface of 
320 tubes, each 7' long and 2"75 external diameter. Ana. 16127 sq. feet. 

8. If the inside diameter of a Lancashire boiler shell is 5', and the out- 
side diameter of each of the two internal flues is 25", what space is there 
inside the boiler for steam and water if the length is 21V' ? ^^- ^73*35 
cubic feet. 

9. The diameter of a cylindrical boiler being 13' and the water level 
being one-fourth of the diameter from the top ; if the boiler is 10' long, 
what is the volume of the steam space ? Also, what is the pressure per 
square inch on the bottom of the boiler when the steam pressure is 
100 lbs, by gauge 7 Ans, 295*5 cb. ft. ; 104*25 lbs. 

10. Why are the longitudinal joints in cylindrical boilers usually double 
rivetted, while the transverse joints are only single-rivetted 7 Sketch in longi- 
tudinal section a marine high pressure boiler. (S. and A. Exam., 1889.) 

See Lecture XXIX. of the Aithor'a Adruoed Text Book on ** Steam ud Steam Engineii*' for 
auswcr to first part of thu question. 

11. Draw a vertioal section through the fire-box and tubes of a low* 
pressure marine boiler. Describe the method adopted for strengthening 
the weak portions. Mark in your drawing the combustion chamber, and 
state the object which it fulfils. (S. and A. Exam. 1890.) 

12. Give (i) a longitudinal, (2) a transverse section through a Lancashire 
double-flued boiler, showing the probable water-lme. Where is the feed 
water admitted, and lor what reason 7 What is done to strengthen the 
shell of the boiler at the parts where it is most liable to give way under 
pressure. How are the flues secured against collapse ? (S. and A. Exam 
1891.) 
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13. Which joints of a Lancashire boiler are single-riveted and which are 
double-riveted 7 Explain why all the joints are not made of the same 
strength, and give some reason for such construction. Show by a sketch 
a double-riveted butt joint with cover plates. (S. and A. Exam. 1892.) 

14. What is a Galloway tube, and what is its object? Sketch the 
uransverse and longitudinal sectional elevations of a boUer in which such 
tubes are used. How are the ends of the boiler stayed? (S. and A. 
ExEun. 1893.) 

15. Draw a vertical longitudinal section of a single-ended return tube 
marine boiler of circular section. Show the method of staying the tube 
plate and combustion chamber. Show also the fire bridge, and state what 
end it serves. (S. & A. Exam. 1892.) 

16. Sketch and describe the construction and action of a non-return 
feed- water valve for either a land or a marine boiler. Where and at what 
level is such a valve placed on the boiler ? (S. & A. Exam. 1896.) 

17. Make a longitudinal and also a transverse section of a Lancashire 
boiler with its brickwork settings. Indicate the course of the gases 
through the internal and external flues of the boiler to the chimney. 
Show also the construction of the fire-bridge and method of supporting 
the fire-bars. (S. & A. Exam. 1896.) (See also the Author's advanced 
'* Text-Book on Steam and the Steam Engine," and Munro*s "Steam 
Boilers/' published by Chas. Griffin & Co.) 
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G0NTBNT8.— Boiler Mountings and Fittings— Safety Valves— Lever Safety 
Valves, with Examples— Dead-weight Safety Valve— Marine Boiler 
Safely Valve— Glass-tube Water Gauge. 

Boiler Mountings and Fittings. — ^The necessary boiler mount- 
ings and fittings for an ordinary land boiler were enumerated in 
the index to parts given under the outside view representing a 
Lancashire boiler. Of these, we have already described the 
Bourdon steam gauge in Lecture XL and the stop valve in 
Lecture XXII. Of the rest of the apparatus, that which claims 
our chief attention at present is the safety valve. 

Safety Valves. — A safety valve is simply an ordinary circular 
steam-tight valve, fitted into a cast-iron chest, situated on the top 
of the boiler, and kept down with a pressure equivalent to that 
of the maximiun working pressure of the steam on the under side 
of the valve. lis object is, therefore, to prevent ike steam 
pressure in the boiler exceeding the working pressure. The 
pressure on the outside of the valve may be produced by a 
simple lever and weight as in the first figure, or by dead weight 
as in the figure (p. 26S)j or by a spring as in the figures (p. 269). 

Lever Safety Valves. — ^The lever safety valve is, no doubt, 
the most common method of producing the required pressure on 
the valve in small land boilers. When properly made and fitted, 
it serves the purpose admirably. If, however, the weight on the 
lever is free to be moved, there is a liability of its being acciden- 
tally or intentionally shifted, which would bring a greater or less 
pressure on the valve. To prevent this, lockfast safety valves^ 
marked with the precise load per square inch to which the valve 
is kept down, are now frequently demanded, and the following 
illustration shows very clearly how it is accomplished by means 
of a pointed bolt, lock, and key. The pointed bolt fits a niche in 
the lever at 40, and is held fast by the cross pin passing through 
the top of the weight, through the end of which pin the padlock 
ring is passed. 

The rule for determining the dimensions of the valve, lever, 
and weight forms a very iateresting example. of the principle of 
moments. A dopting the same lettering and index to parts as in 
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Alley and MaoLellan's Lockfast Safety Valve. 

Munro*s book on Steam BoUera, from which the two next figures 
are taken — 

LetL = the length of lever in inches from the fulcrum to the 
point at which the weight, W, is suspended. 

F = the length of lever in 'inches from the fulcrum to the 
centre of valve. 

G = the length of the lever in inclies from the fulcrum to 
the centre of gravity of the lever. 

A = the area of the valve in square inches = ttts = JLdK 

4 
W = weight of the cast-iron ball or block on the end of 

lever in lbs. 
W; = weight of the lever in lbs. 
W„ = weight of valve in lbs. 
P = pressure of steam in the boiler in lbs. per square 
inch at which it is intended the valve should lift 
and " blow off." 

The lengths, L, F, and G, should be ascectained with great accuracy by 
a rule, and the weights W, W/, and W© separately by an ordinary balance. 
To find the position of the centre of gravity or the distance, G, the lever 
should be balanced on a knife edge. The diameter of the valve, c?, can 
best be found by a callipers. 



Then, 



P- 



AxF 
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The way in which this formula is combined will be easily understood if 
we take it in detail. 

(i) The total upward pressure of steam acting on the valve = P x A. 
(2) This upward pressure has first to overcome the weight of the 
valve ; therefore the nett or effective upward pressure =PxA 
-Wt,. 
(3} The moment of this effective upward pressure about the fulcrum 
= {PxA-W«')xF. 
This forms one side of an equation, and must 
be balanced by the sum of the moments acting 
in the opposite direction. 

(4) The moment of the weight W about the fulcrum = W x L. 

(5) .. f> », W| „ =W<xG. 

The sum of these moments = W x L + W^ x G-. 

•*• The upward moment » the awm ofdovmwa/rd momevUe. 

.-. (PxA-W)xF = WxL + W,xG 

Px AxF = WxL + W,xG + W^xF. 

By dividing both sides of the equation by AxF, we get the last 
equation on p. 265. 

In most elementary examinations the weights of the lever and of the 
valve are neglected. Then the equation is simply : 

PxAxF = WxL. 

Since, in this case, the pressure at which steam will blow off is directly 
proportional to the distance L, if we know the pressure corresponding to 
a certain distance, we can by simple proportion find the pressure corre- 
sponding to any other position of the weight. 

EXAMPLE I. — A safety valve 10 square inches in area, is 
held down by a lever and weight, the length of the lever from 
the fulcrum to the point where the weight is hung being 24 
inches. The valve spindle is 3 inches from the fulcrum. You 
are to disregard the weights of the lever and valve, and find the 
pressure of steam per square which will lift the valve when the 
weight at the end of the lever is 40 lbs. 

Here A = 10 square inches, F ^ 3 inches, "W = 40 lbs., L = 24 
inches. Substituting these in the formula above : 

P x lo X 3 = 40 X 24 

/. P = Z-JL^z = 32 lbs. per square inch. 
10x3 

If any other dimension be required, such as the position on the lever at 
which the weight must be placed (length L) in order that steam may blow 
off at a certain pressure ; or, if it be required to find the diameter of the 
valve df when the other dimensions are given, then, as shown in Lec- 
ture III., &c., we have only to substitute the known dimensions in the 
equation, and from these find the unknown one. 
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EXAMPLE II.-Taking the sizes given in the accompanying 
figure, let the weight of the lever « 8*5 lbs, and the valve = 2 lbs. 

U ZJ-ZlnoMs. 




O lOinchtB • 

Find the pressure per square inch at which steam will blow off. 
By formula — 

PxAx F =WxL+WiXG+W^x F. 

Substituting the numerical values — 

P X 8-29 X 3"'25 = 56-5 X 27" + 8-5 x 10"+ 2 x 3*25." 
P X 26-94 = 1617. 

/. P = 60 lbs, per square inch. 

EXAMPLE III, (from Science and Art Elementary Steam 
Examination, 1888). — The lever of a safety valve is balanced and 
is 24 inches in length ; the distance between the fulcrum and the 
end of the valve spindle is 3 inches, the diameter of the valve 
being 2^ inches. Find the weight to be put on the end of the 
lever in order that the steam may escape at a pressure of 50 lbs. 
per square inch, the weight of the valve being neglected. 

(Take7r= £H.) 

L M 




The above figure, from Munro on Steam Boilers, represents 
the kind of balanced safety-valve lever mentioned in the question. 
It is evident that the weight of the lever and the moment arising 
therefrom do not enter into the solution of the question ; further, 
we are told to neglect the weight of the valve. 

The area of the valve, A = Trr^ = i? x i"-25 x i"-25 = 4-9 sq. in. 

Consequently — 

P X A X F = Wx L. 
50 lbs. X 4'9 sq. in. x 3" = W x 24. 

... w= 50x4-9x3^2^^3^ 

^"^ _^ Joogle 
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Dead-weight Safety Valve. — Bead-weight safety valves, if 
properly constructed, cannot be tampered with or jammed with 
the same ease as lever safety valves, and they are therefore be- 
coming very popular for stationary land boilers. We here illus- 
trate a very complete and successful form of dead- weight safety 
valve by a well-known firm who make safety and stop valves a 
speciality. 



OUTSiDE VIEW 



ALARM WHISTLE. 
WHISTLE VALVE 




Tuenbull's Dead-weight Safety Valve. 
It will be seen from the figure that, in addition to acting as a 
safety valve, the apparatus in its complete form is made to do 
duty as a high-pressure, low-water, and high-water whistle alarm. 
For, should the pressure rise above the normal, the whistle valve 
is lifted by the direct pressure of the steam overcoming the long 
central weight attached to the whistle valve, and, should the 
water in the boiler be allowed to fall too low or rise too high, the 
corresponding float causes the whistle valve to lift and dmw the 
attention of the attendant. ^ , 
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Using the same letters as in the case of the lever safety valve, 
the following formula expresses the relation between the area of 
the valve, pressure of steam, and dead weight — viz. : 

A X P = W. 

Marine Boiler Safety Valves. — Neither lever safety valves 
nor dead- weight safety valves are suitable for marine boilers. The 
latter were used until within a few years ago, but the many dis- 
advantages due to their great weight and the rolling of the vessel 
have caused them to be given up in favour of direct loaded spring 
valves. The arrangement of these valves will be easily understood 
from the following figure : — 




TimNBTTLL's Double, Sprdjo-loaded Sapbty Valve. 
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It will be observed that there are two valves, with springs quite 
independent of each other, entirely protected and locked, so that 
no one except those with due authority may screw down the 
springs and overload the valves. An easing lever shaft is fitted 
across the top part of the protecting chambers. This shaft may 
be connected by suitable chain and rod gear to the engine or 
boUer room, so tiiat the engineer can ease the valves and ** blow 
off" at any time. 

We shall deal with locomotive boiler safety valves in the next 
Lecture, and in the meantime draw the student's attention to 
another important fitting for land and marine boilers — viz., the 
water gauge glass. 

Olass-tube Water Gauges. — One of the most common 
causes of boiler explosions is '' shortness of water." If the water 
in a boiler gets below the top of the furnace crowns or below the 
top of the upper tier of tubes, then the heat of the fire very soon 
scntens the iron plates, or the hot gases soften the tubes, thus 
lessening their resistance to pressure, and as a consequence the 
internal pressure causes them to bulge inwards, and give way if 
the defect is not noticed and rectified in time. Many clever and (so- 
called) automatic arrangements have been invented and patented 
for preventing the water getting too low in boilers, but none of 
these devices has yet entirely superseded the use of the glass- 
tube water gauge. The simplicity of its construction and action, 
combined with the fact that the fireman must frequently inspect 
and test it in order that he may know the exact height of the 
water in his boiler, naturally tends to keep him constantly alive to 
his duties, and to its still being preferred by engineers to other 
forms. 

The construction and action of this form of boiler water gauge 
will be readily understood from the following figures. 

There should always be one, and in the case of large and 
important boilers, two glass-tube water gauges fitted in the most 
easily seen and got at positions in front of the boiler (see figs., 
pp. 254 and 256), so that if one is under repair, or not acting 
properly, the other may be relied upon. Three stop valves or cocks 
are fitted to each gauge — ^the upper one close to the screw plug. A, 
fitted into the boiler opposite to the steam space, the middle 
one close to the screw plug, B, fitted into the boiler opposite the 
highest part exposed to the ^ or to the flames or to the hot 
gases from the furnace, and the lower one directly below the 
glass tube, G T. The upper and middle cocks are for the purpose 
of bringing the glass tube into shunt circuit with the steam and 
the water in the boiler, so that the water may pass through the 
middle cock and the steam through the upper cock, and therefore 
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meet in the glass tube, and stand at the same level as in the 
boiler. The lowermost visible part of the glass tube should be at 
least 3 inches above the highest point inside the boiler acted on by 



Section. 





Sectional Flan. 



Outside View. 




Sectional Plan through B. 



Glass-tube Water Gauge, by Schapper & Budenbero. 
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the flames or hot gases, and the water should neffer he permitted 
helow this point when the holler is at work. By shutting the 
middle cock and opening the lower one, at the same time keeping 
the upper one open, steam is hlown through the glass tuhe. Bj 
shutting the upper cock and opening the middle and lower ones, 
water is hlown through the lower cock, <kc., and hy shutting the 
upper and middle cocks the steam and water in the hoiler are cut 
off from the glass tuhe, and it may he removed for cleaning, or for 
i^placing it by another tube. These cocks should be tried two or 
three times eyery day, and the glass tube kept thoroughly dean. 

In addition to the glass-tube water gauge, three ordinary cocks 
are frequently fitted to the boiler in order to ascertain the height 
of the water in it, should the glass tube break or fail to act. The 
upper cock is fixed on a level with the upper screw plug, A, in 
the last figure, the lower one on a level with the screw plug, B, 
and the middle one half-way between them. Steam should issue 
from the boiler upon opening the upper cock, water upon opening 
the lower one, and steam or water, aa the case may be, whcm open- 
ing the middle one^ 
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Lectuee XXVII,— Questions. 

t. Sketch an ordinajT^ lever safety valve as applied to a land boiler. 
The diameter of a valve is 3} inches ; the leverage is 1 1 to i. Find the pull 
on the end of the lever when the steam pressure is 30 lbs. above the atmo- 
sphere. Am. 30*1 lbs. 

2. Required the weight to be placed on the end of a safety-valve lever 
18 inches long, diameter of valve, 2} inches, distance from fulcrum to valve, 
3 inches, the upward pressure on the valve required for lifting the valve 
and lever being 20 lbs., and the pressure of steam in the boiler being 
100 lbs. per square inch above that of the atmosphere ? Ans, 9^*7 lbs. 

3. Steam Is required to blow off at 60 lbs. by gauge. The weight to bo 
placed on the end of an ordinary safety-valve lever is 56 lbs., the weight 
of the lever is 84 lbs., and the valve weighs 2 lbs. At what position on 
the lever &om the fulcrum must the t« eight be placed, if the diameter of 
the valve is 3^ inches, and if the distance 2rom the centre of the valve to 
the fulcrum is 3*25 inches, while the centre of gravity of the lever is 
10 inches from the same point ? Ans, 27 inches. 

4. What weight must be placed on a balanced lever at 27" from the ful- 
crum in order to just counteract steam pressure of 60 lbs. per square inch, 
if the radius of the valve is 175" and the distance from the fulcrum to the 
centre of the valve is 3-25'' 1 Ana. 59*27 lbs. 

5. YHiat diameter should a safety valve have in order that steam of 100 
lbs. pressure may blow off ; the other sizes being the same as in Question 3 7 

6. Sketch and describe a safety valve loaded with direct weights, and 
point out what advantages it has over an ordinary lever valve. 

7. If 630 lbs. dead weight is put on a safety valve 4" diameter, at what 
pressure will steam blow off 1 Aim. 50 lbs. per square inch. 

8. A safety valve blows off at 25 lbs. per square inch. What is its dia- 
meter if 820 lbs. be the dead weight on the valve ? An8» 6"*5. 

9. What weight and bulk of lead will be required for the dead weight 
on a safety valve 3" diameter to blow off at 50 lbs, per square inch if the 
valve and spindle weigh 16 lbs. Aria, 337 lbs. ; 

10. Sketch and describe a marine boiler safety valve with a spiral spring 
for loading the valve, and explain why this form is better than a dead 
weight or lever and weight for the purpose. 

11. Describe the water gauge for ascertaining the height of the water 
in any steam boiler. Show its position with reference to the fire box of the 
boiler, and sketch a longitudinal section through the gauge. (S. and A. 
Exam., 1887.) 

12. Sketch and describe the following safety valves :— 

(i) An ordinary lever valve. 

h) The Bamsbottom spring loaded valve. 

(3) An ordinary dead weight valve. (S. & A. Exam., 1889.) 

13. SkeLch a vertical section of a dead-weight safety-valve. (No marks 
will be given for the ordinary lever safety valve.) If the valve is 2 J 
inches in diameter, with a dead weight of 300 lbs., at what steam pressure 
per square inch will the valve lift, (Take *-=3r-) S. and A. Exam. 
1 891.) Am, 75-42 lbs. 
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14. Describe and sketch the construction of a glass water gauge and its 
mounting, as adapted for use in a steam boiler. Where is such a gauge 
placed, and at what height 9 How is its working tested 7 (S. and A. 
Exam. 1892.) 

15. Describe and sketch a dead-weight safety valve. Such a valve is 
2 inches in diameter ; the weight of the valve and spindle is 20 lbs. What 
dead-weight would require to be added so that steam should blow off when 
the pressure reached 80 lbs. per square inch ? (S. and A. Exam. 1894.) 
Ans, 241 '33 lbs. 

16. A safety valve of 3 inches diameter is held down by a lever and 
weight. The lever is 30 inches long, and the valve centre is 4 inches from 
the fulcrum, the suspended weight on the lever being 56 lbs. At what 
pressure of steam would the valve be lifted, the weight of the lever being 
neglected in the computation? Sketch the valve, its seating, and the 

. general arrangement. (S. & A. Exam. 1895.) 

17. Sketch the construction of a lever safety valve with balance weight, 
and state under what circumstances such a construction could not be 
used. If the lever be 16 inches in length and the centre of the valve seat 
is 4 inches from the fulcrum, while the diameter of the valve is 4 inches ; 
find the weight to be placed at the end of the lever so that steam may 
blow-off at a pressure of 45 lbs. per square inch, the weight of the valve 
and of the lever being neglected. (S. & A Exam. 1896.) 
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COKTEKTS. — Longitudinal and Cross Sections through a Modem Locomo- 
tive Boiler — Description of Boiler— Locomotive Begulalor Valve and 
Safety Valves. 

Index of Pabts to the Looomotivb. 
Combustion and Heating Arrangements. 

F D, for Fire Door. 

F D H, „ Fire-door Handle. 

F B, „ Fire Bars, on which the coals are placed, with spaces between 
them to allow air to pass up through the coals and oanse 
combustion ; and to allow ashes to fall into the ash pan. 

B, „ Bearers, for supporting F B at both ends. 

DP, „ Deflector Plate, for deflecting the gases as they rise from the 
coals, and causing them to mix properly; thus ensuring a 
more complete consumption of the smoke. 

B A, „ Brick Arch, also for deflecting the gases and preventing them 
from rushing along the tubes as they rise from the coals. 

F Bx, „ Fire Box, in which the products of combustion should assume 
the form of a colourless gas. Its sides are usually made of 
copper, as then they transmit the heat to the water more 
quickly than they would if made of iron, and resist better the 
action of the fire. 

FTP, „ Fire-box Tube Plate. 

T, „ Tubes, along which the heated gases pass on their way to the 

chimney, heating the water which surrounds them. They 
are fixed at the one end to F Bx, and at the other to S B. 

TP, „ Smoke-box Tube Plate. 

S B, „ Smoke Box, from which the smoke passes on through — 

Cy, „ Chimney. 

S B D, „ Smoke-box Door, which admitf of access to the boiler tubes 
and steam pipes. 

Boiler* 

OS, for Outer Shell, In three lengths. Front, Middle, and Fire-box Shell. 
The front is secured to the smoke-box tube plate, T P, by an 
outside cylindrical angle iron. The middle length is also 
cylindrical, and is attached to the front length by a lap 
joint. The fire-box shell is cylindrical on the top, but flat 
on the sides, to allow of its going between the main frames, 
M F ; it iB secured to the middle length by a lap joint. 
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S D, for Steam Dome (on side and end views). It is placed on the top 
of the middle length of the onter shell of the boiler, and is 
used for collecting dry steam and for holding the steam 
regulator. 

C S, n Ck)pper Stays (on end view), for securing the outer shell of the 
fire box to the inside fire box, and thus strengthening both 
of them. 

F B R 8, M Fire-box Roof Stays, for preventing the flat roof of the copper 
box from collapsing. 

S 8| n Sling Stays, which are attached by pins to F B R S, and also 
to angle irons riveted to the roof of outer shell, thus causing 
the weight of the fire box to be carried by the outer shelE 
and bracing the two together. 

L S, „ Longitudinal Stays (on side and end views), for staying smoke- 
box tube plate and back plate of fire-box shell together. 

Pm S, „ Palm Stay, to support fire-box tube plate, FTP. 

FEB, „ Fire-box Expansion Bracket (on end view). This forms a 
support for boiler, and at the same time allows for any 
expansion caused by heat. 

F P Ci II Fusible Plug for Fire-box Crown (separate sketch of boiler). 

Steam Regulating Gear. 

(Shown on Boiler and Detail Sketches, p. 281.) 

S R H, for Steam Regulator Handle. 

R S B, „ Regulator Stufi^g Box. 

S R R, „ Steam Regulator Rod ; the end of this rod Inside the boiler is 
supported by a footstep, as shown. 

C L, „ Gonnectiug Link between S R R and S R V for actuating — 

8 R V, ,, Steam Regulator Valve, for governing the admission of steam 
from the steam dome to the cylinders. 

R V, „ Relieving Valve, for relieving the full pressure of steam from 
S R V, and thus rendering it easily opened, as well as to allow 
the driver to start the locomotive gently. R V works directly 
on the back of S R V. It opens first and shuts last. 

S R P, „ Steam Regulator Pipe, made of cast iron. 

C 1 8 P, M Copper Internal Steam Pipe. 

S P C, ,1 Steam Pipe to Cylinder Valve Chests (on side view of boUer). 

SEP, „ Steam Exhaust Pipe, or " Blast Pipe.^' 

Safety Valve Gear. 

(Shown on Boiler and Detail Sketch, p. 282.) 

R 8 V, for Ramsbottom Safety Valves. 

S V S, f , Safety Valve Seat, which is bolted to a man-hole, formed on 

the top of the outer shell of fire box. 
BV, „ Brass Valves. 
R H, ,1 Believing Handle, which extends into CAB. The driver, by 

polling or pushing the end of this lever, can let steam escape 

from one or other of the safety valves at pleasure, or ascertain 

that they are not sticking in their seats. 
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DESCRIPTION OF LOCOMOTIVE BOILER, BTQ 

Boiler. — The barrel, dome, fire-box casing, tnbe plates, all angle izons, 
rivets, and stays were made of Lowmoor iron. The barrel is telescopio, and 
made in two plates, the circumferential seams being single riveted, and the 
longitndinal seams butt jointed with inside and outside strips, double 
riveted. The tube plate is attached to banrel bj a ring of angle iron, 
bored, faced, turned on edges and shrunk on, and zigzag riveted to both. 
The dome is in one plate, welded at the seam, and flanged at the bottom to 
fit barrel, to which it is double riveted. A strengthening liner plate is 
placed inside the barrel, round the opening for the dome. The top has an 
angle iron ring riveted to it, and is fitted with a strong wrought-iron 
cover, the cover and angle iron being accurately faced so as to make a 
perfectly steam-tight joint. 

The fire-box shell was made as shown, the sides and top being in one 
plate. The front or throat plate was fianged forward and single riveted to 
the barrel, and the back plate to the sides and top as shown. Angle irons 
for carrying the sling stays were riveted to the top in the position shown. 

The man hole is of wrought iron, fianged top and bottom, and shogle 
riveted to the casing, the top flange being accurately faced to receive the 
safety valves. The boiler is stayed by six longitudinal stays, screwed into 
the back plate of casing, and passing through the smoke-box tube plate, 
with nut and washer on either side. The back plate is strengthened where 
the stays pass through by a liner plate, riveted to it on the inside. The 
longitudinal stays are supported in the middle of their length, in the 
manner shown. The fire hole is circular. The ring of the section shown 
is of Yorkshire iron, and riveted to the casing and fire-box plates. The 
foundation ring is also of Yorkshire iron, with the comers of the form 
shown, carefully riveted so as to be thoroughly tight. 

Dimensions of Barrel, &o. 

Ft In. 

Length of barrel lo 3 

Diameter „ outside at fire-box end ... 4 3 

Thickness „ plates o o^ 

„ of tube plate 00} 

„ of dome „ o oA 

Length of fire-box shell 5 9 

Breadth „ „ at bottom outside . . 3 11 

Depth „ „ from centre line of boiler . 5 2 

Thickness „ „ plates o o} 

Section of foundation ring, 3 inches x 2} inches. 
„ fire-hole „ 2 „ x 2i „ 

Diameter of rivets in boiler o off 

„ „ foundation ring . . . o o| 

Height of centre line of boiler from rail ... 7 2 

Fire Box. — ^The fire-box plates and stays are of copper of the very 
best quality. The plates were annealed, both before and after flanging, 
and strips were cut off and tested by being doubled cold, without showing 
any sign of fracture. They were also analysed, and found to contain less 
than *5 per cent, of impurities. The sides and crown are in one {date. 
The o^wn < s curved as shown, and stayed with eight Yorlnshire iron roof 
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bars of the section shown, each secured by thirteen studs i inch diameter, 
screwed through the crown plate into the bar, with nut on the underside 
of plate. Six of the roof bars are connected to the angle irons on the 
casing plate by twelve sling stays of Yorkshire iron. Great care was taken 
to bed the ends of the roof bars accurately on the fire-box plates, and to 
see that the sling stays were of the correct length and bearing on the pins 
top and bottom. 

The tube plate is stayed to the barrel by six i-inch copper stays, screwed 
through the plate into paUn stays riyeted to the barrel. The copper stays 
were screwed tightly into the fire box and casing plates, and neatly 
riveted over at the ends, the thread being turned off the portion between 
the plates. A brass plug with fusible centre was inserted in the crown of 
the fire box. A brick arch was built in the fire box and supported on studs 
in the manner shown. The fire-box back plate was dished at fire hole to 
meet the ring and the fire hole fitted with an air deflector scoop, and 
sliding doors, in the manner shown on the drawings. 

Fire grate consists of nineteen wrought-iron fire bars, and two cast-iron 
fire bars of the section shown, supported on two cast-iron comb bar bearers 
by four wrought-iron brackets, studded to foundation ring. The fire box 
is riveted with the best Yorkshire iron rivets. 

DiMENsioiins OF Fire Box. 

Ft* &!• 

Length at top outside 50) 

„ bottom 52 

Breadth „ 34 

Depth inside 60 

Water space at bottom, all round , . . .03 

Thickness of plates 00} 

f o oH 

„ tube plate 



and 
o oi 

Diameter of fire hole i 44 

„ rivets o ^1 

f o oj 

M copper stays \ and 

I o 1 

All the plates were planed or tamed on the edges before being put 
jogether. The holes were drilled and rimed out perfectly fair with each 
other in all plates and angle irons. Before being lagged the boiler was 
tested to a pressure of 200 lbs. per square inch with water, and afterwards 
to 160 lbs. per square inch with steam, and found to be perfectly tight 
under these pressures. 

Tubes. — ^The tubes are of copper, solid diawn. No. 9 B.W.G. at the fire^ 
box end, tapering to 12 B.W.G. at the smoke-box end. They were secured 
by a roller tube expander and fixed with ferrales at the fire-box end. The 
ferrules were of ferrule steel, and were put into the tubes a tight driving fit. 
The tubes project through the smoke-box tube plate about ^ inch. 
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Dimensions of Tubes. 

Ft In. 
Number (199). 

Length between tube plates 10 7 

Diameter ontside 01} 

„ ,, at smoke-box end for a length of 

6 in o i{ 

Thickness at flre-boz end (No. 9 B.W.G.)- 

„ smoke-boz end (No. 12 B.W.G.)* 

Distance apart of centres .... about o 24 

Smoke Box and Spark Arrester.— The plates for smoke box and 
door are of BB Staffordshire iron, having a perfectly smooth surface. The 
riyets were countersunk outside and filed smooth. Wrought-iron liners were 
placed against the tube plate and the sides and front of smoke box. The door 
was dished, as shown on drawings, and fitted with baffle plates and suitable 
dart, handles, and hinges ; the Sitter were finished bright. 

A wrought-iron grate for arresting sparks is supported In the smoke box 
in a horizontal position, just below top of blast pipe. 

Dimensions of Smoke Box, Ao. 

Ft. In. 

Length of smoke box (inside) 28} 

Width on centre line of boiler (inside) • • 4 11 

Thickness of plates o o| 

Section of angle iron (24 ia bj 2^ in. by i in.). 
„ ring round door hole (3 in. by J in.). 

Diameter of rivets o o{ 

Pitch of rivets about o 3 

Chimney. — The chimney is of BB Staffordshire iron, jointed with a 
butt strip, and the rivets countersunk, and filed smooth on the outside. 
The bottom was carefully fitted to smoke box. The top is of cast iron, of 
the shape shown in the drawing. 

Dimensions of Chimney. 

Ft. In. 
Height of top of chimney from rail . . , • 13 3i 

Diameter inside at top 16 

t> »> bottom ..•..15 
Thickness of plates 00} 

Begolator and Steam Pipes.— The regulator is of cast iron, and 
the head fitted with double valves. The steam pipes are of copper sheets, 
hard soldered together on the inside. The fianges and cone are of brass. 
The steam pipe in the boiler is fixed to the tube plate by a turned feimla 
of the best steel, and to the regulator by means of three claw bolts. 
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Regulator for Dubs & Co.'s Locomotive. 



Dimensions of Regulator, &c. 

Diameter of steam pipes (inside) 
Thickness „ „ (No. 7 B.W.G.). 



Ft. In. 
o 4\ 



Exhaust or Blast Pipe.— The blast pipe to be of cast iron, the top 
to be turned and bored to the form shown. 



Dimensions of Exhaust Pipe. 



Ft. In. 



Diameter of blast orifice 04! 

Height of blast pipe above top row of tubes . .02 



Safety Valves. — These are of the kind known as "Ramsbottom's 
duplex" safety valves. Thej are fixed on the fire-box casing. The 

Digitized by VjOOQ IC 



28a 



LECTURE XXVIII. 



columns are of brass turned bright, fixed on a cast-iron maTi-nole cover. 
The springs were set so as to blow off at 140 lbs. per square inch. All 
the joints were accurately faced, and found to be perfectly steam-tight. 




Dimensions op Safety Valves. 





Ft. 


In. 


Diameter of valves . 





3* 


Distance apart of columns . 





loA 


Height of brass columns . 


I 


0} 


Diameter of spring steel . 





on 


„ man-hole cover 


I 


6 


Thickness of seat 





14 



PLAN. 



Ramsbottom*s Safety Valve 
FOR Dubs & Co.'s Locomotive. 



Locomotive Boiler Safety 
Valves. — The following figures 
serve to illustrate an arrange- 
ment of safety valve for locomo- 
tives and portable land boilers 
which is more convenient than 
any known arrangement of dead 
weights or dead weight and lever. 
Instead of a weight, the end of 
the lever is pulled down by a 
"Salter's" spring balance, and, 
in order that the ordinary gradua- 
tions on these balances may serve 
to indicate the pressure in lbs. 
per square inch in the boiler, the 
levers are usually proportioned, 
as shown in figures, where the 
length from the centre of the 



valve to the centre of the fulcrum, or F, is made equal to the 
diameter of the valve, d, and the total length of the lever, L, is 
made equal to the diameter of the valve multiplied by the area, A. 
The weight of the valve and lever being small, and the pressure 
per square inch great, the former is usually neglected. 

ThtiSy by our former formvia Jor the lever safety valve — 
PxAxF = Wx L. 

Substituting the above ratios — 

'PxAxd=WxAxd, 

/. P = W. 
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By thus arranging these proportions, each lb, 
steam per square inch on the valve 
corresponds to a lb. pull on the 
" Salter's " spring balance. 

Generally, locomotives are fitted 
with two safety valves placed close 
together, and actuated by one 
spring and cross bar, as shown. In 
order that each valve may be sub- 
jected to the same downward pull 
from the spiral spring, Mr. Turnbull 
has devised a simple arrangement 
of screw pin, with squave ends, as 
shown in the next figure and in 
plan at A, whereby the driver may 
move the spring nearer or f ui-ther 
from one of the valves, and thus 
make certain that both the valves 
Ahall blow off simultaneously. 



of pressure of 




Locomotive Safety Valve 
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Lbotubb XXVIII.— Questions. 

1. In designing locomotiTe boilers it is necessary to provide for a suffi- 
ciently large amonnt of heating surface and a sufficiently strong draught. 
Sketch a section through a locomotiye boiler, describing the manner in 
which these two requisites are provided for. (8. & A. Exam., 1888.) 

2. Sketch a section through the entire length of a locomotive boiler, 
showing the flre-box and smoke box. Mark the positions of the safety 
valve and regulator valve. 

3. Sketch a section through the fire box of a locomotive boiler, showing 
particularly the method of supporting the flat surfaces, and explain your 
frawing by an explanatory index of parts. 

4. Describe, with sketch and an index of parts, the steam regulator, 
valve rod and handle, for a locomotive engine. State the conditions essen- 
tial for the successful working of a regulator valve in a locomotive engine. 

t. Sketch and describe a BsHetj valve suited for a locomotive boiler. 
. Sketch and explain a lever safety valve with Salter's balance. How 
can the r^idings on the balance which are graduated to lbs. puU on the 
spring be made to indicate the pressure per square inch of steam in the 
boiler? 

7. Sketch and describe Bamsbottom's safety valve. Sketch also an 
ordinary safety valve with Salter's spring balance. Mention the respective 
advantiures of each. 

8. If the pull of the spring of a locomotive safety-valve lever is 80 lbs. , 
the length from fulcrum to valve being 3}'^, from valve to spring 2I'^ and 
diameter of valve 3" ; what pressure per square inch will the steam have 
when blowing off ? Am, 79*2 lbs. 

9. Deecrib^ with such sketches as you think necessary, the construction 
and arrangement of parts in either a marine, or stationary, or locomotive 
engine, whichever you are most familiar with. (S. and A. Exam. 1890.) 

ID. Sketch a longitudinal section through a modem locomotive boiler 
showing the smoke box and the method of staying the fire box, and point 
out briefly the chief improvements now introduced. (S. and A. Exam. 1893.) 

11. Describe a form of safety valve such as is frequently used on 
locomotive boilers where two valves connected by a lever are held down by 
a spring applied between the valves, showing by sketches the construction 
of the appliance. (S. and A. Exam. 1893.) 

12. Describe, with such sketches as you think necessary, the general 
^onstructiorl of a locomotive engine. (S. and A. Exam. 1894.} 
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Questions fr<yfn, the Elementary Stage of the ScUnce cmd Art 
Departments Examdnations in Steam, from 1890 to 1896, 
which a/re not included at the end of the Lectures, To 
each qibestion a reference is made where the subjed is 
treated. 

1. Sketch the Newcomen engine in sectional elevation. During what 
portion of each stroke, and in what manner, was heat unnecessarily wasted • 
by Newcomen* s arrangement ? How did Watt propose to lessen the waste 
of heat, and in what way did he carry oat his idea 1 (S. and A. Exam. 

1891.)* 

2. State concisely the chief improyements which Watt made in the 
steam engine, so as to give some idea of the mode in which they were 
carried ont. Sketch in section Watt's single-acting engine, and explain its 
working. (S. and A. Exam. 1892.) * 

3. Describe, with the necessary sketches, the changes introduced by 
Watt in order to convert an engine in which the steam was employed for 
lifting a pump-rod, into the modem form of engine as employed for 
driving the machinery in factories. (S. and A. Exam. 1895.) * 

4. What were the chief improvements made by Watt in the atmospheric 
pumping engine? Draw an approximate indicator diagram of such an 
engine, before the improvements to which yon refer were introduced. 
(S. and A. Exam. 1894.) * 

5. Describe Homblower's compound or double cylinder eng^ie, and 
explain by sketches the manner in which the steam passes through the 
cylinders into the condenser. Tou can take either the single- or double- 
acting engine. (S. and A. Exam. 1890.) * 

6. Assuming that the steam in a steam cylinder expands according to 
Boyle's law, show how to find the terminal pressure for any given boiler 
pressure and cut-off, and how to find the mean pressure during the stroke • 
then assuming that the boiler pressure is 100 lbs. absolute per square inch 

* See Author s Text Book on Steam and Steam Enc^nee. 
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and that the cnt-cff takes place at J of the stroke, detennine what would 
be the terminal pressme, and also the mean pressure in the cylinder for 
the whole stroke. (8. ft A. Exam. 1895.) (See Lect. XIIL) 

7. Make a sketch and describe the constmctioik of one form of piston 
cross-head with which 70a are acquainted. Under what conditions may a 
slipper slide for the piston cross-head be employed in a horizontal engine ? 
(8. and A. Bzam. 1896.) (See Lect. XVI.) 

8. What woald be the indicated horse-power of a locomotive when 
moving at a steady rate of 35 miles per hour on a level rail, the wdght of 
the train being 130 tons and the resistance to traction 10 lbs. per ton ? 
(8. and A. Bzam. 1896.) (See Lect. XYIL) 

9. The cylinder of a steam-engine is 20 inches in diameter, the crank- 
arm is one foot long, and the connecting rod is 4 feet long. Find the 
turning effort on the crank shaft at the instant when the crank-arm makes 
a right angle with the connecting rod, the pressure of the steam being 
60 lbs per square inch. (S. and A. Bzam. 1891.) Ant, 19,4 lbs. nearly.* 

10. A steam engine has a steam cylinder of 20 inches in diameter, the 
crank measures 18 inches from the centre of crank-shaft to centre of crank- 
pin, the engine runs at 85 revolutions per minute, and the mean effective 
pressure of steam on the piston is 28 lbs per square inch. Find the 
indicated horse-power of the engine. (S. and A. Exam. 1896.) (See 
Lect. XVII.) 

11. Describe and sketch the general arrangement of the cylinder, the 
piston and its rod, with the connecting rod, and the method of coupling it 
to either the crank or beam, and the method of keeping the end of the 
piston-rod in a straight line, in one of the following types of engine : — 
(i) An inverted vertical high-pressure engine; (2) A beam engine; (3) A 
horizontal stationary engine. State some fundamental differences of 
construction between ( i) and (2. ) (S. and A. Bzam. 1895. ) (See Lect. XX.) * 

12. Describe and sketch the construction of a double-beat or equilibrium 
valve. When and for what purpose are such valves used? In such a 
valve the two seats measure respectively 8 inches and yi inches in 
diameter, and the weight of the valve is 70 lbs. What pressure per square 
inch would cause the valve to lift, the pressure between the valve discs 
being disregarded 7 (S. and A. Bzam. 1896.) (See Lect. XXII.) 

13. Make a sketch and describe the construction of an eccentric sheave 
and strap. Show the position of the crank-shaft through the eccentric^ 
and indicate on your sketch the throw of the eccentric Name the 
materials of which the several parts of the eccentric are made. (8. and A. 
Bzam. 1896.) (See Lect. XXIIL) 

14. Sketch and describe fully the construction of an air-pump bucket 
with its valve or valves ; show also the packing of the bucket, and ezplain 
the use and mode of action of the air-pump. (S. and A. Bzam. 1895.) 
(See Lect XXIV.) 

* See the Author*! Text Book on Steam and Steam Enginei 
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15. What do you understand by jet and surface condensation re- 
spectively 7 Give a sketch of each arrangement. There are in a surface 
condenser icxx) brass tubes, each of 6 feet in length, and i inch outside 
diameter. What amount of cooling surface would such a condenser pro- 
vide? (& & A. Exam. 1895.) (See Lect XXIV.) 

16. Sketch and describe the construction of the air-pump of a condensing 
engine. What is the use of the air-pump? If the temperature of the 
injection-water supplied to a jet condenser be 62'' F. and the water is 
pumped out of the hot well at a temperature of 106'' F., and the steam to 
be condensed enters the condenser at a temperature of 212° F., what weight 
of injection water would be required per pound of steam condensed? 
(a and A, Exam. 1896.) (See Lect. XXIV.) 

17. Describe, with sketches, an oscillating marine engine. How is the 
steam conveyed to the steam chest, and afterwards to the condenser 7 In 
what class of steamers are oscillating engines commonly employed, and 
why? (S. and A. Exam. 1894.) (See the Author's Text Book on Steam 
and Steam Engines, Lect. XIX.) * 

18. Describe, with a sketch, an oscillating marine engine. How is the 
steam conveyed to and from the slide valve casing ? In what class of 
steamers are oscillating engines generally employed, and why ? (S. and A, 
ExauL 1895.)* 

19. Write a short description of the ** Rocket " locomotive, as invented 
by Stephenson, and point out its chief features, giving any reasons yon can 
for its success over rival inventions. (S. and A. Exam. 1893.) * 

2a Sketch in section the piston of a small engine working with high- 
pressure steam, such as a locomotive engine, together with the piston rod 
and cylinder cover, showing the metallic packing for the piston and the 
stuffing box and gland for making the piston-rod steam-tight. Explain 
the reasons for the construction which yon adopt. (S. and A. Bxam. 
1890.) * 

21. Describe, with the necessary sketches, the construction of a loco- 
motive piston, piston-rod, and crosshead, and state clearly how the several 
parts are secured together. (S. and A. Exam. 1895.) * 

22. Explain the principle of Watt's invention of a parallel motion for 
connecting the ends of the piston and air-pump rods with the working 
beam of a steam engine. Make such sketches as you may think necessary 
for explaining your answer. (S. and A. Exam. 1890.) * (See also Lect. 
XVIIL)t 

23. What is the use of a fly-wheel as applied to a steam-engine ? How 
does its action upon the working of an engine differ from that of the 
governor ? Sketch in elevation the governor of an engine. (S. and A, 
Exam. 1890.) t 

24. Explain the difference between the functions of a fly-wheel and 

^ See Author's Text Book on Steam and Steam Engines, 
t See Vol. I., Author's Text Book on Applied Mechanics. 
t See Vol. II., Author's Text Book en Applied Ucclianics. 
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governor, giving a clear idea of the influence of each upon the running of 
an engine. Sketch any form of governor, showing what are the attach- 
ments hj which it controls the engine. (S. and A. Exam. 1894.) t 

25. Bzplain the action of an ordinary governor of a steam engine. How 
is the throttle valve connected with the governor ? Sketch the arrange- 
ment. Bzplain also the action of the fly-wheel, and why it is so necessary 
in stationary engines. (S. and A. Exam. 1892.) t 

26. What are the chief causes of the collection of scale within a boiler 7 
Of what does boiler incrustation usually consist, and in what parts of the 
boiler is the collection most objectionable and why? Give a section 
through the furnace of either a land or marine boiler, showing its general 
construction, and mark where the scale may be expected to collect. 
(S. and A. Exam. 1895.) (See Seaton's Manual of Marine Engineering, and 
Munro's Steam BoilerSf by the publishers of this book.) 

t Vol. II I Author's Text Book on Applied Meohaniot. 
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Admission of steam to cylinder, 134 
Air pumps, 237 

American connecting rods, 201, 202 
Angle of advance, 133, 134 
Appendix, 285 
Area of diagrams, 10, 109 
Areas, simple rales, 1-19 
„ Simpson's rule, 1 1 
Atmospheric engine, 165, 166 
„ pressure, 96 

B 

Balance piston, 183 
Balanced lever valve, 267 

„ valves, 207 
Beam engines, 167, 172 
Black's experiments on heat, 57 
Boilers, 253-263 

„ Cornish, 253 

,, Lancashire, 254 

, locomotive, 275-2S3 

„ Marcet's, 97 

,, marine, 257 

„ mountings, 264 
Boiling point of liquids, 74 
Bourdon's gauges, 100 
Boyle's law, 105 



Capacity for heat, 39 
Centigrade thermometer, 31 
Circulating pumps, 239, 240 
Clearance in cylinder, 146, 149 
Compound engines, 174 

„ „ marine, 180 

Compression in cylinder, 134, 150 
Condensation of steam, heat rejected 

during, 87-91 
Condensation of steam, water re- 
quired, 68 
Condensers, 232 



Condensing engine, 168 

„ steam, advantages o( 

120 
Conduction of heat, 45 
Conductivity table, 46 
Connecting rods, 200, 201 
Convection of heat, 47 
Cornish boiler, 253 

„ double-beat valve, 209 
Covers for cylinders, 190 
Crank, action of, 126, 127, 134 
„ relative position to piston, 

126 
„ relative position to valve, 

134 
„ shafts, 242 
Crossheads, 197, 198 
Curve of expansion, 1 10 

„ of pressure and temperature, 

98 
„ of pressure and volume, 106 

no 
,, of steam distribution,. 135 
Cushioning, 150 
Cut-off, 118, 134 
Cylinders, cross area, 15 
„ details, 189 

„ mean pressure in, 118 

„ surface area, 13 



Daniell's pyrometer, 35 
Davy's experiment on heat, 52 
Dead- weight safety valve, 268 
Diagram of work, by indicator, 145 

„ „ Watt's, 108 

Dissociation, 74 
Distribution of steam in a cylinder, 

136 
Double-acting engine, Watt s, 171 
Double-beat valves, 207-211 
Double-ported slide valves, 216-218 
Dry steam, 73 

u 
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B 

Eablt forms of land engines, 165 
Eccentric, angle of advance, 134' 
„ for horizontal engine, 128 

„ for marine, old, 223 ; 

new, 230 
„ relative position to slide 

valve, 127 
„ single, reversing gear, 223 

Efficiency of steam, 82 
Engines, atmospheric, 165, 166 
„ compound, 174 
„ „ marine, 180- 

252 
„ condensing, 168 

„ double-acting, Watt's, 171 
„ expansion engines, 174 
„ horizontal direct-EO'ing, 

125 
„ non-condensing, 169 
„ quadruple expansion, 174 
„ simple expansion, 174 
„ single-acting, 165, 167, 168 
„ triple expansion, 174 
Equilibrium double-beat valve, 207 

„ throttle valve, 211 

Evaporation, partial, 91 

„ total heat of, 66 

„ work during, 84-86 

Expansion gear, 222 

„ of steam, 1 10 
„ valves, 220 
External work, 80-95 



Fahbbnhbit thermometer, 31 
Flues, 253-257 
Formulas, 27 
Furnaces, 253 

G 

Galloway tubes, 255 
Gas, expansion of, 1 10 
„ pressure of, 105 
„ volume of, 105, no 
Glands for cylinders, 190 
Glass-tube water gauge, 270 
Governor, Watt's, 172 
Gridiron slide valve, 221 
Gusset stays in boilers, 253 



Heat, capacity for, 39 
„ conduction, 45 
„ convection, 47 
„ conversion, work into heat 

78 

„ Davy's experiment, 52 

„ effect on ice, 72 

„ „ „ steam, 73 

„ „ „ water, 73 

,, Joule's experiment, 52 

„ Kinetic theory, 61 

„ latent, 57-63 

„ mechanical equivalent, 53 

„ not a substance, 50 

„ quantity of, 39 

„ radiation, 43 

„ rejected to condenser, 86 

„ Rumford's experiment, 50 

„ sensible, 57-61 

„ specific, 39 

„ thermo-dynamicsjfirst law,54 

„ total, of evaporation, 66 

„ transfer of, 43 

„ unit of, 39 
High-speed engines, 170 
Horse-power by brake, 162 
„ indicated, 155 

„ nominal, 155 



ICB, effect of heat on, 72 
Indicated horse-power, 155-162 
Indicator diagrams, 145, 147, 149 

„ Richard's, 142 
Internal work, 80-95 



Jackbting cylinders, 172 

Jet condenser, 232 

Joule's experiment on heat, 52 



KiNBTic theory of beat, 61 



Lancashibb boiler, 254 
Lap and lead, 132 
Latent heat, 57-^3 

„ of steam 58 
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Law, Boyle's, 105 

„ first, of thermo-dynamics, 54 
Lead of valve, 132 
Lever safety valve, 264 
Link motion, 224 
Liquefaction in cylinder, 178 
Locomotive boiler, 275-283 
„ slide valve, 214 

Long D slide valve, 212 
Longitudinal stays in boilers, 278 
Loose eccentric reversing gear, 223 

M 

Manholes, 18, 253, 255 

Marcet's boiler, 97 

Marine boilers, 257 

„ engines, compound, 180 
„ „ quadruple expan- 

sion, 174 
„ „ triple expansion. 

Mean pressure of steam in cylinder, 

118 
Mechanical equivalent of heat, 53 
Mensuration, areas, 1-19 

„ volumes, 20-29 

Mercurial pressure and vacuum 

gauges, 98, 99 
Meyer's valve gear, 223 

N 

NATUBBof heat, 50 

Newcomen's atmospheric engine, 

165, 166 
Nominal horse-power, 155 
Non-oondensing engine, 169 



Packings, 191 
Parallel motion, 144, 172 
Piston rods, 197 
Pistons, 193 

„ Buckley's, 196 

„ locomotive form, 193 

„ old form, 195 

„ relative position to crank, 
126 

„ valves, 219 
Pressure and temperature, 74, 96 

„ and volume of gas, 105, 
no 



Pressure, gauges, 98 

„ mean, in cylinder, 118 

„ pyrometer, 102 

„ of saturated steam, 107 
Propeller screw, 246, 248 
Pumps, air, 237 

„ circulating, 239, 240 
Pyrometers, 34, 102 



QuADEUPLE expansion engine, 174 
Quantity of heat, 39 
Questions, est end of each Lecture 

R 

Radiation of heat, 43 
Ratio of expansion, 148 
Reaumur thermometer, 31 
Relative positions of crank and pis- 
ton, 126 
„ „ of crank and 

slide valve, 134 
^ „ of eccentric and 

valve, 127 
Release, 134, 151 
Relief valves, 192 
Reversing gear, 185, 223 
Richard's indicator, 142 
Rumf ord's experiment on heat, 50 



S 



Safety valves, 264-270, 276 
Saturated steam, 73 ; table, 107 
Sch&ffer and Budenberg's gauges, 
100 
„ „ thermometers, 

32 
„ „ water gauge, 

271 
Screw propellers, f our-bladed, 248 

„ shafting, 246-240 
Sensible heat, 57 
Siemens' pyrometer, 35 
Simpson's rule for areas, 11 
Single-acting engine, Watt's, 165, 167, 

168 
Slide valves, 132, 181 

„ double-ported, 216, 218 

„ locomotive, 214 

„ old D form, 212 
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Slide Talves, piston, 219 

„ relative position to 

crank, 134 
„ „ eccentric, 127 

Specific gravity table, 21 

„ heat, 39 

„ table, 41 
S.S. St. HognvalcPa engines, 169, 

iSo, 252 
Steam, condensation, 86-91, 120 

„ distribution in cylinder, 136 

» dry, 73 

„ effect of heat on, 73 

„ efficiency of, 80 

„ expansion of, no 

„ generation in closed vessel, 

93 

„ latent heat, 58 

„ liquefaction in cylinder, 178 

„ saturated, y^j 107 

„ temperature and pressure, 
74.96 

„ water required for condens- 
ing, 68 

V wet, 73 

„ wire-drawirg, 151 

„ ports, 192 
Stem tube, &c. , 246 
Stop valves, 205 
Stuffing boxes, 190 
Superheating steam, 73 
Surface condenser, 233 



Temperature, 30 

„ and pressure, 74, 96 

„ of steam, 107 

Thalpotasimeter, 102 
Thermo-dynamics, first law, 54 
Thermometers, 30 
Throttle valve, 211 
Thrust block, 245 

„ shaft, 245 
Total heat of evaporation, 66 
Transfer of heat, 43 
Triple expansion engines, 174 
Tubes, boiler, 258 

„ condenser, 236 

„ Galloway, 255 



U 

Unit of heat, 39 



Vacudm gauges, 99, 100, 102 
Valve gear, link motion, 227 
„ „ Meyer's, 223 
„ lap and lead, 132 
„ motion diagram, 135 
„ rods, 229 
„ spindles, 229 
Valves, air-pump, 238 
„ crown, 209 
„ double-beat, 207-211 
„ double-ported, 216-218 
„ equilibrium, 207 
„ expansion, 220 
„ long D slide, 212 
„ piston, 219 
„ safety, 264 
,, slide, 132, 212-218 
„ stop, 206 
„ throttle, 211 
Valvometer, Wilkinson's, 129, 130 
Vertical engines, 180 
Volume of a gas, 105, 1 10 

„ steam, 85 

Volumes of solids, 21-29 

W 

Wateb, boiling point, 74 
„ effect of heat on, 73 

gauges, 270 
„ latent heat, 57 
„ required for condensation, 

68 
„ total heat of evaporation, 
66 
Watt's diagram of work, ic8 
„ double-acting engine, 171 
„ single-acting engine, 165, 
167, 168 
Wedgewood's pyrometer, 34 
Weights and measures tables, 2, 20 
Westinghouse single-acting engine, 

170 
Wet steam, 73 

Wilkinson's valvometer, 129, 130 
Wilson's pyrometer, 35 
Wire-drawing, 151 
Work and heat, 54, 78 
„ during evaporation, 84-86 
„ external, 80-95 
„ internal, 80-95 
„ Watt's diagram of, 108 
Wrought iron, specific gravity, 21 
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Practical, 10 

Stratigraphical, . . . .30 

GOLD, Getting, 26 

Metallurgy of, . . . .40 

HYDRAULICS, 89 

HYGIENE, . . . 11,12,86 
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IRON, Metallnrgy of, . . . 4« 

KITCHEN BOILER EXPLOSIONS, . 28 

LATITUDE and LONGITUDE, 

To Find, . . . .19,28 
MACHINE DESIGN, .... 49 
MACHINERY and MILLWORK, 32, 38 

MAGNETISM, 24 

MARINE BOILERS, .... 45 

Engineering . ... 42 

MECHANICS, Applied— 

Elementary, ... 19, 24, 28 

Student's, 8 

Advanced, . . . . 24, 32 

MEASUREMENTS, Conversion of, from 
French to English, and vice verad, . 44 

Electrical, 49 

MEDICINE and SURGERY, Domeetic, 51 
— — for Shipmasters, . . . .37 
MERCANTILE MARINE, British, . 19 
METALLURGY, Elementary, . . 43 

Introduction to, . . . .38 

Advanced, 31 

of Gold, 40 

of Iron, 46 

MINING— 

Blasting, 21 

Book-keeping, . . . .26 

Coal, 22 

Ore and Stone, . . . .16 

Surveying, 8 

NAVIGATION, 1» 

OILS and FATS, 48 

OILENGINES, . . . .14,47 
ORE MINING, . . . . . U 

PETROLEUM, 84 

PHOTOGRAPHY, .... 6 
PHYSICS, .... 24,45,48 

POISONS, Detection of, . . .7 

SANITATION, ... 11, 12, 36 
SCIENCE, Popular Introduction to, . 48 

SEAMANSHIP, 19 

SEWAGE, Disposal of, . . .'11 
SHIPS, Loading, &c., of, . . . 47 

Stability of; . . . . 85, 47 

SHIPMASTER'S MEDICAL GUIDE, 37 
SOAPS, Manufacture of, . . .48 
SOCIETIES, Year-book of, . . . 50 
STEAM ENGINE, Elementary, . . 24 

Advanced 24,42 

STEEL, Metallurgy of, . . . 38 

VESSELS 19 

SURVEYING, Mine, .... 8 

TRAVERSE TABLES, ... 17 
TEXTILE PRINTING, . . 12,41 
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OEASLES aRIFFIN it CO.'S PUBLICATIONS. 

THE DESIGN OF STRUCTURES: 

Ppftotloal Tpeatlae on the Building of Bpldges, Roolta, 600, 

By S. ANGLIN, CE., 

Master of Engineering, Royal University of Ireland, late Whitworth Scholar, &c 

With very numerous Diagrams, Examples, and Tables. 
Lai^e Crown 8vo. Cloth. 

Second Edition, Revised, 16s. 



The leading features in Mr. Anglin's carefully-planned " Design of Struc- 
tures '* may be briefly summarised as follows : — 

1. It supplies the want, long felt among Students of Engineering and 
Architecture, of a concise Text- book on Structures, requiring on the part of 
the reader a knowledge of Elementary Mathematics only. 

2. The subject of Graphic Statics has only of recent years been generally 
applied in this country to determine the Stresses on Framed Structures ; and 
in too many cases this is done without a knowledge of the principles upon 
which the science is founded. In Mr. Anglings work the system is explained 
from FIRST principles, and the Student will find in it a valuable aid in 
determining the stresses on all irregularly- framed structures. 

3. A large number of Practical Examples, such as occur in the every-day 
experience of the Engineer, are given and carefully worked out, some being 
solved both analytically and graplucaliy, as a guide to the Student. 

4. The chapters devoted to the practical side of the subject, the Strength of 
Joints, Punchmg, Drilling, Rivetting, and other processes connected with the 
manufacture of Bridges, Roofs, and Structural work generally, are the result 
of MANY years' EXPERIENCE in the bridge-yard ; and the information given 
on this branch of the subject will be found of great value to the practical 
bridge-builder. 



"Students of Engineering will find this Text-Book invaluable."— ^fr^'/rr/. 

"The author has certainly succeeded in producing a thoroughly practical TeA- 
Book."— Bui/iUr. 

"We can unhesitatingly recommend this work not only to the Student, as the bsst 
Tbxt-Book on the subject, but also to the professional engineer as an bxcksdingly 
VALUABLB book of TcteTcncc^—MecAafucai IVorid, 

"This work can be confidently recommended to engineers. The author has wisely 
chosen to use as little of the higher mathematics as possible, and has thus made his book of 
RSAL USB TO THB PRACTICAL BNGINBBK. . . . After careful perusal, we have nothing but 
praise for the work** — Nature, 
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CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK, 



BERTRAM BLOUNT, and 

F.I.C, F.C.S., 
Gonaulting Chemist to the Crown Agents for 
the Colonies. 



A. G. BLOXAM, 

F.I.C., F.C.8., 
Consulting Chemist, Head of the Chemistry 
Department, Goldsmiths' Inst., 
New Cross. 



With Namerons Illustrations. In Two Volumes, Large 8vo. 
Sold Separately. 



CHEMISTRY OF ENGINEERING, BUILDING, AND 

METALLURGY. 

GENERAL CONTENTS. 



INTRODUCTION. 

1. Chemistry of tlie Chief Materials 

of Construction. 

2. Sources of Energy. 

3. Chemistry of Steam-raising. 



4. Chemistry of Lubrication and 
Lubricants, 
n. METALLURQICAL PROCESSES 
used in the Winning and Manu- 
facture of Metals. 



"Practical THBoroHOUT ... an admikablb txxt-book, useful not only to Students, 
but to ExGiMBBBS and Manaqbbs of works in pbbvbnting wastb and iupbovino fbocessxs."— 
8cot»man. 

•' Eminbntlt practical."— Olasflroto HenOd, 

"A book worthy of HIGH bank . . . its merit is great . . . treatment of the subject 
of GASBons PUBL particularly good. . . . Water gas and its production clearly worked out. 
. . . Altogether a most creditable production. We wabmlt bbcomhbnd it, and look forward 
with keen interest to the appearance of Vol. lL"—Joumai of Gas Lighting. 

THE CHEMISTRY OF MANUFACTURING 

PROCESSES. 

GENERAL CONTENTS. 



I Sulphuric Acid Manufacture. 

n. Manufacture of Alkali, &c. 
in. Destructive Distillation. 
IV. Artificial Manure Manufacture. 

V. Petroleum. 
VI. Lime and Cement. 
VII. Clay Industries and Glass, 
vm. Sugar and Starch. 
DC. Brewing and Distilling. 

X. Oils, Resins, and Varnishes. 



XI. Soap and Candles. 
Xn. Textiles and Bleaching. 
Xm. Colouring Matters, Dyeing, and 

Printing. 
XIV. Paper and Pasteboard. 
XV. Pigments and Paints. 
XVI . Leather, Qlue, and Size. 
XVII . Explosives and Matches. 
XVm. Minor Chemical Manufactures. 
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6 0SABLX8 aaiWFIN * OO.'S PUBLIOATIOHB. 

ASSAYING (A Text-Book of): 

For tb€ um of StudentSy Mine Managerm^ Assayen, de. 
By C. BERINGER, F.C.S., 

Late Chief AMayer to the Rio Tinto Coppv OMfMoy, Londoii, 

And J. J. BERINGER, F.I.C, F.C.S., 

Public Analyst for, and Lecturer to the Miaiag Awociarica of, CorawaU. 

With ntimcroas Tables and Illustratioos. Crown Syo. Qoth, lo/& 

Third Edition; Revised. 

Gbmxbai. Contcnts. — Pakt I. — Imtkoductokt : Hanipdlatiom : ^-— i^-g ; 
Drying ; Calciriatioa of RiMoks — Laboratory-books and Reports. Mbthods : Dry GraTt- 
metric : Wet GrairiaKtric— V(^umetric Assays : Titrometzic, Colorimetric, Gasometric — 
Weieking^ and Mratiiring — Rea^peats— Formube, Equations, &c. — Specific Gravity. 

Pact II. — Mktals : Detection and Assay of Silver, Gold, Platinnm, Mercury, Copper, 
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobedt, Zinc, Cadmium, Tin, Tuncstea, 
Titaaiiim, Manganese, Chromium, &c— Earths, Alkalies. 

Pact III.— Non-Mbtals : Oxygen and Oxides ; The Halogeas— Sulphur and Sol- 
phates — ^Anenic, Phosphorus, Nitrogen — Silicon, Carbon, Boron — Useful Tables. 

*' A BBAIXT maiTOUOUS woKK, that may be safely depeadAd vpam either for systematic 
iasferuotioa or for reference." — Nature. 

" This work is one of the bbst of its kind. . . . BsKntially of a piactical c 
. . . Contains all the information that the Assayer wiD find necessary in the « 
•f-minetals." — Engituer. 



PHOTOGRAPHY: 

ITS HISTORY, PROGESSES, APPARATUS, AMD MATERIALS. 
Comprinlng Working Details of all the More Importaat Metliod& 

By a. brothers, F.RJLS. 

19^ITIf TWENTY-POUR FULL PAGE PLATES BY MANY OF THE PRO- 
CESSES DESCRIBED, AND ILLUSTRATIONS IN THE TEXT, 

In 8v0f Handsome Cloth, Priu iSx. 

General Contents. — Part. I. Introductory — Historical 
Sketch; Chemistry and Optics of Photography; Artificial Light. — 
Part II. Photographic Processes. — Part III. Apparatus. — Part IV; 
Materials. — Part V. — Applications of Photography ; Practical Hints. 

" Mr. Brothers has had an experience in Photograf^y so large axvi raried that any woric 
by him cannot fail to be intensting and Triuable. ... A most compkbhbnsitb irvdume, 
entering with full details into the varioos processes, and rsmr pttlly iihistiated. The 
prm;ticai« HINTS areofGRaMT-TAUUKi . . . Admirably gotvf,*''^BriLJmtr. t^Phmt i ^ < »>*y. 

" For the Illustrations akae^ the book is most interoMiag: but, afait firom.tfaeee, the 
volume is valuable, brightly aad pteasaatiy written, and most admikablt iUumMOSD."— 
Ph0t0gra^ic Nrws. 

" Certainly the pikbst illustkatbd handbook to Photographer which has ever baoB 
published. Should be on tbe referem:e shchres of every Photographic Society. "-^yflMsltar 
PA^tP i, I ii^ ih » . 

" Ai hndbiKik so far in advance of most others, that the PfwlOfiafiRr nuKf not fial 
to obtain a copy as a reference work." — Ph0tograp)uc W^rk* 

"The coiiPLKTKST HAMDBOOic of the art which has yet been published." 
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BoimrTipia and tbcbnolooical wobks. 7 
WORKS BY A. WYNTER BLYTH, H.B.C.S., F.dSk, 

BarrUter-fttrLaw, Public Analyst for the County of Devon, and Medical Officer of Health for 

St. Marylebone. 

FOODS: 

THEIR COMPOSITION AND ANALYSIS. 

In Demy 8vo, with Elaborate Tables, Diagrams, and Plates. Handsome 
Cloth. FouBTH Edition. Price 21s. 

GENERAL CONTENTS. 
History of Adulteration — Legislation, Past and Present — Apparatiui 
oseful to the Food- Analyst — "Ash" — Sugar— Confectionery— Honey — 
Treacle — Jams and Preserved Fruits — Starches — Wheaten-Flour — Bread 
— Oats — Barley — Rye —Rice — Maize — Millet — Potato — Peas — Chinese 
Peas — Lentils — Beans — Milk — Cream — Butter — Oleo-Margarine — 
Butterine — Cheese — Lard — Tea— Coffee — Cocoa and Chocolate — Alcohol — 
Brandy — Rum —Whisky — Gin — ^Arrack — Liqueurs — Absinthe — Principles 
of Fermentation — Yeast — Beer — Wine — Vinegar — Lemon and Lime 
Juice — Mustard— Pepper— Sweet and Bitter Almond— Annatto— Olive 
Oil — Water — Standard Solutions and Reagents. Appendix: Text of 
English and American Adulteration Acts. 

PRESS NOTICES OF THE FOURTH EDITION. 

" Simply INDI3PBNSABLB in the Analyst's laboratory."— TA^ Lancet. 

"Thk Standabd work on the subject. . . . Every chapter and every page gives 
abundant proof of the strict revision to which the work has been subjected. . . . The 
section on Milk is, we believe, the most exhaustive study of the subject extant. . . . An 
iNDisPENSABLB MANUAL for Analysts and Medical Ofla^ers of Health."— i»M&/tc Health. 

" A new edition of Mr. Wynter Blyth's Standard work, knkiched with all the bbcbst 
DISCO VEBIX8 AND iMPBOVEHENTS, wiU be acceptei as a boon."— CA«mica/ News. 



POISONS: 

THEIR EFFECTS AND DETECTION. 

Third Edition. In Large 8vo, Cloth, with Tables and Illustrationi. 
Price 2 Is. 

GENERAL CONTENTS. 
I. — Historical Introduction. II. — Classification — Statistics — Conneoium 
between Toxic Action and Chemical Composition — Life Tests— General 
Method of Procednre — The Spectroscope — Examination of Blood and Blood 
Stains. III. — Poisonous Gases. IV. — Acids and Alkalies. V. — More 
•r less Volatile Poisonous Substances. VI. — Alkaloids and Poisonous 
Vegetable Principles. VII. — Poisons derived from Living or Dead Animal 
Substances. VIII. — The Oxalic Acid Group. IX. — Inorganic Poisons. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

" Undoubtedly thi most coufletb work on Toxicology in our languajre."— 77l« Awilyst (on 
the Third EdUian). 

" As a PRACTICAL GUIDB, wc kuow NO BETTER work."— 2%« Laucet (onthe Third EditionJ. 
%* In th« Third Edition, Enlarsred and parOy Be-wrHten, Nbw Analtvical MiraoiM lagfm 
been introduced, and the Cadaveric Alkaloids, or Ptomaines, bodies playing so great a part in 
Food-poiBonli^ and in the Manifestations of Disease, have reo^irad speeial atfeantion. 
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S CBABLMa QRIWnS A OO.'S PUBUOATIONB. 

MINE-SURVEYING (A Text-Book of): 

Far the um of Managers of Minee and Collieriee^ Studente 
at the Royal School of Minee, de. 

By BENNETT H. B ROUGH, F.G.S., 

Late Instructor of Mine-Sttrreying; Royal School of Mines. 

Widi Diagiams. FirrH Edition. Crown Sto. Qoth, 7s. 6d. 

General Contents. 

General ExpUmations — Measurement of Distances — Miner's Dial — ^Variation of 
the Magnetic-Needle — Surveying with the Magnetic-Needle in presence of Iron — 
Sunreying with the Fixai Needle — German D^ — ^Theodolite — ^Traversing Under- 
groond — Smiace-Surveys with Theodolite — Plotting the Survey — Calculation of 
Areas — Levelling— Connection of Underground- and Siniace-Surveys — Measuring 
Distances by Telescope — Setting-out — Mine-Surveying Problems — ^Mine Plans — 
Applications of Magnetic-Needle in Mining — Appendices. 

** It is the kind of book which has long been wanted, and no English-speaking Mine Agent 
me Mining Student will consider his technical library complete without it." — Nature. 

"Supplies a lonc-pklt want."— /r«. 

"A valuable accessory to Surveyors in cvexy department of mmmrrrial CBterpriM."— 
CeUU^y Gmtrdum. 



By WALTER R. BROWNE, M.A., M. Inst. C.E., 

Late Fellow of Trinity College, Cambridge. 



THE STUDENT'S MECHANICS: 

An Introduction to the Study of Force and MotlozL 

With Diagrams. Crown Svo. Cloth, 4s. 6d. 

" Ckar in style and practical in method, 'Thb Student's Mechanics' is oosdially te hm 
recommended from all points of view. "~A tketueum. 



FOUNDATIONS OF MECHANICS, 

Papers reprinted from the Engineer, In Crown Svo, is. 



FUEL AND WATER: 

A Manual for Users of Steam and Water. 
By Pju)F. SCHWACKHOFER and W. R. BROWNE, M.A. (See p. 41.) 

LONDON : EXETER STREET, STRAND. 

Digitized by VjOOQ IC 



8CIENT1FI0 AND TECHNOLOGICAL WORKB. g 

GAS MANUFACTURE 

(THE CHEMISTRY OF). 

A Hand-Book on the Production, Purification, and Testing 
of Illuminating Gas, and the Assay of the Bye- 
Products of Gas Manufacture, For the 
Use of Students. 

BY 

W. J. ATKINSON BUTTERFIELD, M.A., F.C.S., 

Head Chemist. Gas Works. Beckton, London. E. 
With Numerous Illustrations, Handsome Cloth, Price 9s, 



^ " The BEST WORK of its kind which we have ever had the pleasure of re- 
viewing." — Journal of Ga^ Lighting. 



Mann- 





GENERAL 


CONTENTS. 


I. 


Raw Materials for Gas 


YI. Final Details of Ifl 




Mannfactnre. 


factnre. 


II. 


Goal Gas. 


VII. Gas Analysis. 


III. 


Garbnretted Water Gas. 


VIII. Photometry. 


IV. 


Oil Gas. 


IX. Applications of Gas. 


V. 


Enriching by Light Oils. 


X. Bye-Prodncts. 



*^* This work deals primariljr with the ordinary processes of Gas Manufacturb. 
employed in this country, and aims especially at indicating the principles on which 
they are hased. The more modem, but as yet subsidiary, processes are fully treated 
also. The Chapters on Oas Analysis and Photometry will enable the consumer to 

grasp the methods by which the quality of the gas he uses is ascertained, and in .the 
hapter on The Applications of OaSy not only is it discussed as an illuminant, but 
also as a read^ source of heat and power. In the final Chapter, an attempt has been 
made to trace in a readily-intelligible manner the extraction of the principal derivatives 
from the crude Bye-products. The work deals incidentally witn the most modem 
developments of the industry, including inter alia the commercial production and 
uses 01 acetylene and the application of compressed gas for Street Traction. The need»- 
of the Students in Technical Colleges and Classes have throughout been kept in view. 
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lo CEARLB8 GUIFFIIT d, CO.'S PUBLICATIONS. 

Works by GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 

Professor of Geolo^ in the Royal College of Science for Ireland. 



PRACTICAL GEOLOGY 

(^IDS IN): 

WITH A SECTION ON PALMONTOLOGY, 
Second Edition, Revised. With Illustrations. Cloth, los. 6d. 

GENERAL CONTENTS.— PART I.— Sampling of the Earth's 
Crust. PART II.— Examination of Minerals. PART III.— Examina- 
tion OF Rocks. PART IV.— Examination of Fossils. 

" ProC Cole treats of the examination of minerals and rocks in a way that has nerer 
ibeen attempted before . . . desekving op thb higmkst praise. Here indeed are 
'Aids ' IKNUMBRABLE and INVALUABLE. . All the directions are given with the utmost dear- 
«iess and precision." — Athtnttum. 

"To the younger workers in Geology, Prof. Cole's book will be as indispensable as a 
<lictionary to the learners of a language. —6^/Mn^^ Revirw. 

"That the work deserves its title, that it is full of 'Aids/ and in the highest < 
'practical,' will be the verdict of all who use it." — Nature. 

** This excellent Manual . . . will be a very great help. . . . The a 
on the Examination of Fossils is probably the best of its kind yet published. . . . Fuu. 
of well-digested information from the newest sources and from personal 1 
0/Nat. HuUry. 



New and Attractive Work by ProC COLS. 

OPEN-AIR STUDIES: 

An Introduction to Geology Out-of-docnns. 

With 12 Full-Page lUuatrationa from Photographs. Cloth, Sa, 6(/, 

General Contents. — The Materials of the Earth— A Mountain Hollow 
— Down the Valley — Along the Shore — Across the Plains — Dead Volcanoes 
—A Granite Highland— The Annals of the Earth— The dnrrsy Hill»— The 
Folds of the Mountains. 

"The FAScnrATnro 'Open- Air Studies' of Prof. Cole give the subject a glow of 
ANntATioH . . . cannot fail to arouse keew interest in geokya^f.^'^-Oeol^gleai JIfagaeine. 

''Eminkktit rbadablb . . . every small detail in a scene tooohed with a sym- 
pathetic kindly pen that reminds one of the lingering brush of a Ooostable."— jyo/urs. 

"The work of Prof: Cole combines BLBQAirca of stylb with BCiBKxurio thobocohnbss."— 
Petermanti's Mittheilungen. 

" The book is worthy of its titl»; from cover to co-rer it is steow& with brHclng f reshnesB 
of the mountain and tbe field, while its AccuBACf and THOBOCORiniss show thai it is the 
work of an earnest and conscientious student . . . Fall of piotoresqiie toiiolM* wlikdx 
are most welcome ''—Natural Science. 

" A CHARMiNQ BOOK, beautifully illustrated."— ^<^«n««m. 
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SCIENTIFIC AND TECHNOLOGICAL W0RK8. 



SEWAGE DISPOSAL WORKS! 

A Guide to the Construetion of Works for the Prevention of the 
Pollution by Sewa^pe of Rivers and Estuaries. 



W. SANTO CRIMP, M.Inst.C.E., F.G.S., 

Late Assistant-Engineer, London C«unty CotindL 



With Tables, Illustrations in the Text, and 37 Lithographic Plates. 
8vo. Handsome Cloth. 

Second Edition, Revised and Enlarged. 30s. 



Medium 



PART L--INTRODUCTORT. 



Introduction. 

Details of River Pollutions and Reconunenda- 

tions of Various Commissions. 
Hourly and Daily Flow of SewagR 
IW Pail S^vtem as Affeccinf Seirane. 
TteSepanrtioBof RaiB-wvtcr fron tie Sewage 

Prcfwr. 



Settling Tanks. 

Chemical Processes. 

I'he Disposal of Sewage-sludge. 

The Prepuation of Land for S«wi|g« Di^ 

posaL 
Table of Sewmfe Farm M-aamgoBttat. 



PART II.— Skwage Drei-osAL Works m QpKRATioif— Thwh 
Construction, Maintenance, and Cost. 

mastrated by Plates showing the General Plan and Arrangement adopted 
in each District. 



Map of the LONDON Sewage System, 

Crossness Outfall. 

Barking Outfall. 

D«Bca9Cer Irrigation Farm. 

Beddington Irrigation Farm, Borough of 

Croydon. 
Bedford Sewage Farm Irrigation. 
Dewshuy and Hitchin Intennitteflt Fil- 

tration. 
Merton, Croydon Rural Sanitaxy Authority. 
Swanwick, Derbyshire. 
The Ealing Sewage Works. 
Chiswick. 

Kingston-on-Thames, A. B. C Procesi» 
Salford Sewage Works. 



Bradford, Precipitation. 

New Maiden, Chemical Treatment and 

Small Filters. 
Fricm Bamet 

Acton, Ferozme and Polarite Process. 
Ilford, ChadweU, and Dagenham Worics. 
Coventry. 
Wimbledon. 
Birmingham. 
Margate. 
Portsmouth. 

BERLIN Sewage Famts. 
Sewage Precipitation Works, Dortmund 

(Germany). 
Treatment of Sewage by Electrolysis. 



\* From the fact of the Author's having, for some years, had charge of the Main 
Drainage Works of the Northern Section of the Metropolis, the chapter on London will be 
found to contain many important details which would not otherwise nave been available. 

" All persons interested in Sanitary Science owe a debt of gratitude to Mr. Crimp^ . . . 
His work will be especially useful to Sanitary Authorities and their advisers . . . 
JMWHK TLV PRACTICAL AND USBPUL . . . g^ves plans and descriptions of makt or THS 
MOST IMPORTANT SKWAGE WORKS of England . . . with very valuable infannatkn as to 
the COST of construction and working of each. . . . The careftilly-prcpared drawings per- 
mit of an easy camparison between the different systems."— Z^MicriL 

" Pr»bably the most compi.ste and bbst trbatisb on the subject which has anicmvd 
in cor language . . Will prove of tbc gi«mt«t use to aU who have the p iii l i li of 
Sewnge Disposal to bx>t."—EdiMhtreh MmUcmI J 0mnuU, 
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Pocket Size. Leather. With Illastrations. 128. 6d. 



HYGIENE (A Hand-Book of). 



BY 



SURGEON-MAJOR A. !m:. DAVIE S, D.P.H.Camb., 

Late AMistant-Professor of Hygiene, Army Medical SchooL 



General Contents. 

Air and Ventilation — Water and Water Supply — Food and Dieting — 
Removal and Disposal of Sewage— Habitations — Personal Hygiene— Soils 
and Sites — Climate and Meteorology — Causation and Prevention of Disease 
— Disinfection. 

" This ADHiRABLS HANDBOOK . . . gives VVLL information compressed into the smallest 
possible bulk."— ii'din. Med. Journal. 

" The el^ant dress of the little volume before us is but the outer covering of a trult rich 
KBRNBL. and justly merits the praise it spontaneously calls forth. Attractive to the eye, Surgeon- 
Major Davies' volume is equally attractive to the mind. Students will find that its 690 pages 
comprise all information necessary. Compact, handt, comprbhensivb, it certainly merits a 
high place among the text-books of the day."— Sanitary Record. 

•* We are glad to welcome Surgeon-Major Davies' book ... he has had ample opportunity 
to make himself a mastbr of thb bcibkcb, and he has a right to speak. . . . Wondbrtully 
WXLL UP TO DATS, Well and clearly written, pleasant to read.' — Z7i« Lancet. 

" Really an admirablb book. ... A most hakdt wore of rbfbrbncb full of information." 
—The Hospital. 

" A singularly compact and elegant volume . . . contains an admirable precis of everythins; 
relating to Hygiene clbablt and logically arrabobd and easy of reference. Likely, we think, 
to be the favourite text-book."— Pttdlic Health. 



Large 8vo. Handsome Cloth. 12s. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 

Practical Men. 

By GEORGE DUERE, 

Director of the Bleaching, Dyeing, and Printing Department at the Accrington and Bacup 
Technical Schools ; Chemist and Colourist at the Irwell Print Works. 

Assisted by WILLIAM TURNBULL 

(of TumbuU & Stockdale, Limited). 

With Illustrations and upwards of One Hundred Dyed and Printed Patterns 

designed specially to show various Stages of the Processes described. 
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SCIENTIFIC AND TECHNOLOGICAL WORKS. 13 

"W^ O U K S 

By J. R. AINSWORTH DAVIS, B.A., 

PKOrSSSOR OF BIOLOGY, UNIVERSITY COLLEGE, ABERYSTWYTH; 

EXAMINER IN ZOOLOGY, UNIVERSITY OF ABERDEEN. 



DAVIS (Prof. Ainsworth): BIOLOGY (An Ele- 

mentary Text-Book of). In large Crown 8vo, Cloth. Second Edition. 

Part I. Vegetable Morphology and Physiology. With Complete Index- 
Glossary and 128 Illustrations. Price 8s. 6d. 

Part II. Animal Morphology and Physiology. With Complete Index- 
Glossary and 108 Illustrations. Price los. 6d. 

EACH PART SOLD SEPARATELY. 

%* Note — ^The Second Edition has been thoroughly Revised and Enlarged, 
and includes all the leading selected Types in the various Organic Groups. 

"Certainly the best 'biology' with which we are acquainted. It owes its pre- 
eminence to the fact that it is an excellent attempt to present Biology to the Student as a 
CORRELATED AND COMPLETE SCIENCE. The glossarial Index is a most useful addition."— 
British Medical Journal. 

** Furnishes a clear and comprehensive exposition of the subject in a systematic 
ftrm.**— Saturday Review. 

" Literally packed with iaiormaXxon.^— Glasgow Medical JournaL 



DAVIS (Prof. Ainsworth): THE FLOWERING 

PLANT, as Illustrating the First Principles of Botany. Large Crown 
8vo, with numerous Illustrations. 3s. 6d. Second Edition. 

" It would be hard to find a Text-book which would better guide the student to an accurate 
knowledge of modem discoveries in Botany. . . . The scientific accuracy of statement, 
and the concise exposition of first principles make it valuable for educational purposes. la 
the chapter on the Physiology of Flowers, an admirable risumi is given, drawn from Darwin, 
Hermann Mttller, Kemer, and Lubbock, of what is known of the Fertilization of Flowers.'^ 



DAVIS and SELENKA: A ZOOLOGICAL 

POCKET-BOOK ; Or, Synopsis of Animal Classification. Comprising 
Definitions of the Phyla, Classes, and Orders, with Explanatory Remarks 
and Tables. By Dr. Emil Selenka, Professor in the University of 
Erlangen. Authorised English translation from the Third German 
Edition. In Small Post 8vo, Interleaved for the use of Students. Limp 
Covers, 4s. 
** Dr. Selenka's Manual will be found useful b>; all Students of Zoology. It is a compiw- 

MSNSiYB and successful attempt to present us with a scheme of the natural arrangement of 

the animal world.*' — Edin. Med. JournaL 

" Win prove very serviceable to those who are attending Biology Lectures. . • • TIm 
' * 1 is accurate and €itAx'*— Lancet. 
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14 0HARLS8 GRIFFIN ^ CO.'S P UBLICA TIQN8. 

GAS, OIL, AND AIR ENGINES: 

A Practical Text -Book on Internal Combustion Motors 
without Boiler. 

By BRYAN DONKIN, M.Inst.CE. 

Second Edition, Revised throughout. With numerous Illustrations. 
Large 8vo. 25s. 

Gknbral CoNT«NTS.~Gas Enjfines:— General Description— History and Dcvelop- 
atient — British, French, and German Gas Engines — Gas Production for Motive Power — 
Theory of the Gas Engine — Chemical Composition of Gas in Gas Engines — Utilisation of 
Heat — Explosion and Combustion. Oil HotOFS :— History and Development— Various 
Types— Priestman's and other Oil Engines. Hot-Air Engines :— History and Develop- 
It — ^Various Types : Stirling's, Ericsson's, &c., &c. 



"The BEST BOOK NOW PUBLISHED on Gas, Oil, and Air Engines. . . . Will be of 
TBRY GREAT INTEREST to the numerous practical engineers who hare to make themselves 
familiar with the motor of the day. . . . Mr. Donkin has the advantage of long 

PRACTICAL EXPERIENCE, Combined with high scientific and experimental KNOWLEDGE, 

and an acciu-ate perception of the requirements of Engineers." — TAe Engineer. 

"The intelligence that Mr. Bryan Donkin has published a Text-book should be good 
news to all who desire reliable, up-to-date mformation. . . . His book is most timely, 
and we welcomed it at first sight as being just the kind of book for which everybody inter- 
ested in the subject has been looking. . . . We heartily recommend Mr. Doskin's 
work. ... A monument of carefiil labour. . . . Luminous and comprehensive. . . . 
Nothing of any importance seems to have been omxitc^."— Journal of Gas Lightif^. 



INORGANIC CHEMISTRY (A Short Manual of). 

By a. DUPRE, Ph.D., F.R.S., AND WILSON HAKE» 

Ph.D., F.I.C.. F.C.S., of the Westminster Hospital Medical School 

Second Edition, Revised. Crown 8vo. Cloth, 7s. 6d. 

** A well-written^ clear and accurate Elementary Manual of Inoi:ganic Chenustry. . . . 
We agree heartily m the system adopted by Drs. Duprd and Hake. Will make £xnn»- 
WRfTAL Work trebly interesting because intelligible."— .Sa/wnijy Rettiew. 

"There is no question that, given the perfect grounding of the Student in his Science, 
the remainder comes afterwards to him in a manner much more simple and easily acquired^ 
The work is an example of the advantages of the Systematic Treatment of a 
Science over the fragmentarv style so generally followed. By a long way the best of the 
small Manuals for Students. — Analyst. 



HINTS ON THE PRESERVATION OF FISH, 

IN REFERENCJB TO FOOD SUPPLY. 
By J. COSSAR EWART, M. D., F. R. S. E., 

Rogms Professor of Natural History, University of Edinhiiigh. 
In Crown 6vo. Wrapper, 6d, 
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SCIENTIFIO AND TECHNOLOOICAL W0BK8. 15 

Second Edition, Revised, Royal %vo. With numerous mustreHi^m and 
13 Lithographic Plates, Handsome Cloth, Price 3Qr. 

BRIDGE-CONSTRUCTION 

(A PRACTICAL TREATISE ON) : 

Being a Text-Book on the Gonstraction of Bridges in 
Iron and SteeL 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M.Inst. C.K, 

Prof, of EngiaeeriDf , UmTersity College, Dundee. 



"Mr. FiDLEB's SUCCESS arises from the combination of ezfzkience and 
fUMPLXOiTT OP TREATMENT displayed on every page. . . . Theory is kept in 
■nbordination to practice, ana his booJc is, therefore, as useful to givder-makerB- 
as to students of Bridge Construction."— C'TAe Architect" <m the Second 
MdUum.) 

'* Of kte yean the Amerioaa 'breatiMS on Practical and Applied Medianict 
hBiwe taken the lead . . . since the opening up of a vast continent has 
givtn the American engineer a number of new bridge -problems to solve 
. . . but we look to the frbsbnt Tbbjltise on BmDOB-CoNBTKvcrrxov, aod 
the Forth Bridge, to bring us to the front again."— JS«n0«nMr. 

" One of the vbjrt bbst bbcent itoBSS on the Strength of Maftenais «nd its^ 
applieation to Bridge^Constraction. . . Well vepays a fiareful titudy.'' — 
Hh^ffiinoering. 

'*An INDISPENSABLE HAiNDBOOK fortbe praotictl Engineer."-- JTotefie. 



HOW PLANTS LIVE AND WORK : 

A Simple Introduction to Real Life in the Plant-world^ 
Based on Lessons originally given to Cmuitry CiriMren. 

By ELEANOR HUGHES-GIBB. 

With Illustrations. Crown 8vo. Cloth. 2s. 6d. 

*^* The attention of all interested in the Scientific Training of the Young^ 
is requested to this delightfully fresh and charming little book. 
It ought to be in the hands of every Mother and Teacher throughout the land. 

** The child's attention is first secured, and then, in language simple, yet 
SCIENTIFICALLY ACCURATE, the first lessons in plant-life are set before it."— 
Natural Science. 

** In every way well calculated to make the study of Botany attractive to 
the young." — Scotiman. 
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i6 CHARLES GRIFFIN df CO:S PUBLICATIONS. 

ORE & STONE MINING, 

BY 

C. LE NEVE FOSTER, D.Sc, F.R.S., 

FROPBSSOR OK MINING, ROYAL COLLBCB €)F SCIENCE; H.M. INSPECTOR OP MINES. 

In Large 8vo. With Frontispiece and 716 Illustrations. 34s. 



''Dr. Foster's book was expected to be bp(x:h-ma.king, and it fully justifies such expec- 
tation. ... A MOST ADMIRABLE account of the mode of occurrence of practically all 
KNOWN MINERALS. Probably stands unrivalled fn completeness.*'— TAeMtntn£^y puma/, 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Occuppence of Minerals : Classification: Tabular 
Deposits, Masses — Examples: Alum, Amber, Antimony, Arsenic, Asbestos. Asphalt* 
Barytes. Borax, Boric Acid, Carbonic Acid, Clay, Cobalt Ore, Copper Ore, Diamonds, 
Flint, Freestone, Gold Ore, Graphite, Gypsum, Ice, Iron Ore, Lead Ore, Manganese 
Ore, Mica, Natural Gas, Nitrate of Soda, Ozokerite, Petroleum, Phosphate of Lime 
Potassium Salts, Quicksilver Ore, Salt, Silver Ore, Slate, Sulphur, Tin Ore, Zinc Ore. 
Faults. Prospecting: Chance Discoveries — Adventitious Finds — Geology as a 
Guide to Minerals— Associated Minerals— Surface Indications. Boring: Uses of 
Bore-holes — Methods of Boring Holes: i. By Rotation, ii. By Percussion with Rods, 
4ii. By Percussion with Rope. Breaking Ground: Hand Tools— Machinery- 
Transmission of Power— Excavating Machinery : i. Steam Diggers, ii. Dredges, 
iii. Rock Drills, iv. Machines for Cutting Grooves, v. Machines for Tunnelling — 
Modes of usins: Holes— Driving and Sinking— Fire-setting— Excavating by Water. 
'Supporting Excavations : Timbering— Masonry— Metallic Supports— Watertight 
Linings— Special Processes. Exploitation : Open Works :— Hydraulic Mining — 
Excavation of Minerals under Water— Extraction of Minerals by Wells and Bore- 
holes—Underground W orkings— Beds— Veins— Masses. Haulage or Transport: 
Underground: by Shoots, Pipes, Persons, Sledges, Vehicles, Railways, Machinery. 
Boats— Conveyance above Ground. Hoisting or Winding: Motors, Drums, ana 
Pulley Frames— Ropes, Chains, and Attachments— Receptacles— Other Appliances — 
Safety Appliances— Testing Ropes— Pneumatic Hoisting. Drainage : Surface Water 
— Dams— Drainage Tunnels — Siphons — Winding Machinery — Pumping Engines 
above ground— Pumping Engines below ground— Co-operative Pumping. Ventila- 
tion: Atmosphere of Mines— Causes 01 Pollution of Air— Natural Ventilation — 
Artificial Ventilation : i. Furnace Ventilation, ii. Mechanical Ventilation— Testing 
the Quality of Air— Measuring the Quantity and Pressure of the Air — Efficiency of 
Ventilating Appliances — Resistance caused by Friction. Lighting : Reflected 
Daylight — Candles— Torches — Lamps— Wells Light— Safety Lamps— Gas — Electric 
Light. Descent and Ascent : Steps and Slides — Ladders — Buckets and Cages— Man 
Engine. Dressing : i. Mechanical Processes : Washing, Hand Picking, Breaking 
Up, Consolidation, Screening — ii. Processes depending on Physical Properties: 
Motion in Water, Motion in Air— Desiccation— Liquefaction and Distillation — 
Magnetic Attraction— iii. Chemical Processes : Solution, Evaporation and Crystal- 
lisation, Atmospheric Weathering, Calcination, Cementation, Amalgamation — Ap- 
plication of Processes— Loss in Dressing— Sampling. Principles of Emplosrment 
X)f Mining Labour : Payment by Time, Measure, or Weight— By Combination of 
these — By Value of Product. Legislation affecting Mines and Quarries: 
Ownership — ^Taxation — Working Regulations — Metalliferous Mines Regulation Acts 
—Coal Mines Regulation Act— Other Statutes. Condition of the Miner : Clothing 
—Housing— Education— Sickness— Thrift— Recreation. Accidents : Death Rate of 
Miners from Accidents— Relative Accident Mortality Underground and Above- 
ground — Classification of Accidents — Ambulance Training. 

"This EPOCH-MAKING work . . . appeals to men of experience no less than to 
'Students . . . gives numerous examples from the mining practice of every country. 
Many of its chapters are upon subjects not usually dealt with in text books. . . Of 
great interest. , . . Adm{r9b\Y ill\x^tra.ted."--Berg- und I/utfenmanntscAe Zetiun^^. 

" This SPLENDID WORK." — Oesterr. Zischrft. /lir Berg- und Huttenwesen. 
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SCIENTIFIC AND TECHNOLOOIGAL WORKS. 17 

Edition for 1896. ' 

Cloth, for Office use, 8s. 6d. Leather, for the Pocket, 8s. 6d, 

GRIFFIN'S ELECTRICAL PRICE-BOOK. 

For Electrical, Civil, Marine, and Borough Engineers, Local 
Authorities, Architects, Railway Contractors, &c., &e. 

Edited by H. J. DOWSING, 

Metnher of ihe InsHiutioH of Electrical Engineers ; of the Society of Arts ; ofiheL^ttdom 
Chamber of Commerce, &'c. 

Part I.— PRICES AND DETAILS OF MACHINERY AND APPARATUS. 

Part II.— USEFUL INFORMATION CONCERNING THE SUPPLY OF 
ELECTRICAL ENERGY; Complete Estimates; Reports, Rules and Regu- 
lations, Useful Tables, &c. ; and General Information regarding the carrying out 
of Electrical Work. 

" The Electrical Price-Book removes all mystery about the cost of Electrical 
Power. By its aid the expense that will be entailed by utilising electricity on a lai^ge or 
small scale can be discovered. . . . Contains that sort of information which is most often 
required in an architect's office when the application of Electricity is being considered."— 
Architect. 

*' The value of this Electrical Price-Book CANNOT BE OVER-ESTIMATED. • . . Will 
save time and trouble both to the engineer and the business msoi.**— Machinery. 

*»* The Publishers beg to call attention to the New Edition of the Electrical Engineers' 
Price-Book. It is gratifying to learn that the work has been found useful and valuable 
by the general body of Engineers, Architects, Builders, and others. The prices given for 
work carried out have been acknowledged fair, and such as provide for reliable ^and 
GOOD WORKMANSHIP, and they have proved of use in Arbitrations, Appeals, and Assessment 
Cases. 



GRIFFIN (John Joseph, F.CS.) : 

CHEMICAL RECREATIONS: A Popular Manual of Experixnaitel 
Chemistry. With 540 Engravings of Apparatus. Tenth EdiHon, Cnywft 
8vo. Cloth. Complete in one volume, doth, gilt top, 12/6. 

Part I. — Elementary Chemistry, 2/. 

Part II.— The Chemistry of the Non-Metallic Elements, lo/d. 



GURDEN (Richard Lloyd, Authorised Surveyor 

for the Goyemments of New South Wales and Victoria) : 

TRAVERSE TABLES: computed to Four Places Decimals for erery 
Minute of Angle up to 100 of Distance. For the use of Sunrejors and 
Engineers. Third Edition, Folio, strongly half-bound, 21/. 
%* Published with Concurrence of the Surveyors- General for New South 
JVa/es and Victoria, 

*' Those who have experience in exact Survky-work will best know how to appreciate 
d&e enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an indi, and this by refbkbncb to but Onb Tablb. in place of the usual Fifteca 
minute computations required. This alone is evidence of the assistance which the Tables 
«n8ure to every user, and as every Surveyor in active practice has felt the want of rack 
SMUtance, few knowing of their publication will remain without ih.vm,**—EngmMr, 

LONDON: EXETER STREET, STRAND. 
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CHARLES GRIFFIN ds CO.'S PUBLIGATI0N8. 



Griffin's Standard Publications 

ENGINEERS, ELECTRICIANS, ARCHITECTS, BUILDERS, 
NATAL CONSTRUCTOBS, AND SaRVBTDRB. 



Applied Mechanics, 
Civil EngineerinsTy • 

Biidge-Constroetion, . 

Design of Structures, . 

Sewage Disposal Works, 

Tteverse Tables, . 
Marine Engineering, 

Stability of Ships, 
The Steam-Engine, . 
Chemistry for Engineers, 
Gas, Oil, and Air-Engines, 
Boiler Construction, 
„ Management, 
Fuel and Water (for 

Steam Users), 
Machinery and Millworl^, 

Hydraulic Machinery, 



Rankine, Browne, Jamiesok, 32, 8, 24 



PsoF. Baitkhstb, 
Pbof. Fidleb, 
S. Anglin, . 
Santo Crimp, 
E. L. Gubden, 
A. E. Seaton, 
Sib E. J. Heed, 
Bankine, Jamieson, 
Blount <& Bloxam, 
Bbyan Donkin, 
T. W. Traill, . 
R. D. MuNRO, . 

{Schwackhopeb and 
Browne, 
Fbof. Rankine, 
Pbof. Robinson, 



Metallurgical Machinery, H. C. Jenkins, 



32 
15 

4 
11 
17 
42 
35 
32,24 
5 
14 
45 
28 

41 

32 
39 
38 



Captain Blackmobe (Ed)., S 
[Profs. Rankine and\ ^^ 



\ 
\ Jamieson, . j 
MuNBO AND Jamieson, 
H. J. Dowsing, , 



Nautical Text-Books, 
UseftQ Rules and Tables 
for Engineers, &e., . 
Sleetrieal Poeket-Book, 
Electrical Price-Book, . 
Graphic Tables for Con- 
version of Measurements, Pbof. Robt. H. Smith, 

■arine Engineers' Poeket- 

Book, .... Sbaton and Rotjnthwaitb, 42 

KyatMB's Poekrt-Book, Dbnnis Mabks, 



2^ 
17 

44 



29 
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GRIFFIN'S NAUTICAL SERIES. 

Edited by EDW. BLACKMORE, 

Master Mai'iner, First CQass Trinity House Certificate, Assoc. Inst. N.A. ; 
AND Weittek, maiklt, by Sailors for Sailors. 

In Crown 800. With Illustrations and Plates, 



" A VBRT USEFUL SERIES."— JTatttre. " This ADMIRABLE SERIES."— i'^flw'rpiay. 

" The volumes of Messrs. Grufin's Nautical Series may well and profitably be 
read by all interested in our national maritime progress."— Jfann« Engineer. 

" Every Ship should have the whole Series as a Bbtbbenoe Librart. Hand- 
somely and strongly BOUND, CLEARLY PRINTED and ILLUSTRATED."— I^WrpooZ Joum. 

of Commerce. 



Know Your Own Ship : A Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walton, Naval Architect, 
Lecturer to Ships' Officers, Government Navigation School, Leith. With numerouB 
Illustrations. Second Edition. 5s. 
" Mr. Walton's book removes a want, and will be found vert usbful."— 2*te 

Ungineer. 

" Will attain lasting success . . . exceedingly kasidy."— Shipping World. 

Latitude and Longitude: How to And them. By W. J. Millar, 

M.Inst.C.E., late Sec. to the Inst, of Engineers and Shipbuilders in Scotland. 2s. 
" Cannot but prove an acquisition to those studying Navigation."— JJfartTw Engineer. 
" Young Seamen will find it handy and useful, simple and clear."— 2^ Engineer. 

Ppactical Mechanics: Applied to the requirements of the Sailor. 

By Thos. Mackenzie, Master Mariner, F.R.A.S. Ss. 6d. 

" This excellent book . . . contains a large amount of information."— ^a«Mr«. 

*• Well worth the money . . . exceedingly ^eIaPFUL."— Shipping World. 

" No Ships' Officers' bookcase will henceforth be complete without Captain 
Mackenzie's 'Practical Mechanics.' Notwithstanding my many years' experience 
at sea, it has told me how much more there is to acquire."— (Letter to the Publishers 
from a Master Mariner). 

The British Mercantile Marine ; An Historical Sketch of its Rise 

and Development. By the Editor. 

Elementary Seamanship. By D. Wilson-Barkbr, Master Mariner, 
r.R.3.E., F.E.G.S. With Numerous Plates, two in Colours, and Frontispiece. 

Navigration : Theoretical and Practical. By D. Wilson-Barkeb, 

Master Mariner, &c., and William Allinqham. 

Ocean MeteorolOgry : For Officers of the Merchant Navy. By 
William Allingham, First Class flonours, Navigation, Science and Art Dep. 

Practical Algebra and Trigonometry : For the Young Sailor, Ac 

By Rich. C. Buck, of the Thames Nautical Training College, H.M.S. " Worcester." 

The Construction and Maintenance of Vessels built of SteeL 

By a Practical Bngineer and Shipwright. 



Medical and Surgical Help for Shipmasters and Officers 

IN THE Merchant Navy. Including First Aid at Sea. By Wm. Johnson Smtfii, 
F.B.C.S., Principal Medical Oificer, Seaman's Hospital, Greenwidi. With lUustta- 
tions and Coloured Plates. Handsome Cloth, 6s. (See p. 37.) 

" Sound, judicious, kbally helpful."— TAe Lancet. 
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CHARLES GRIFFIN A C0:8 PUBLICATIONS. 



Griffin's Standard Publications 




TOB 

GEOLOGISTS, MINE-MANAGERS, AND METALLURGISTS. 


Geology (Stratigrraphical), 


R Etheridge, . 


PAGE 

30 


„ (Physical), . 


Prop. Seelby, . 


30 


„ (Practical), . 


Prof. Cole, 


10 


„ (Introduction to), 


» 


10 


Mine-Surveyingr, 


B. H. Brough, . 


8 


Mining, Coal, . 


H. W. Hughes,. 


22 


„ Ore and Stone, . 


Prop. Le Neve Foster, 


16 


Blasting and Explosives, 


0. GUTTMANN, . 


21 


Assaying, .... 


0. k J. J. Beringer, 


6 


Metallurgy, 


Phillips and Bauerman, 


31 


„ (Introduction to). 


Prop. Roberts-Austen, 


38 


„ (Elementary), 


Prop. Sexton, . 


43 


Copper, Metallurgy of, . 


Thos. Gibb, 


38 


Gold, 


T. K. Rose, 


40 


Iron and Steel, „ 


Prop. Turner, . 


46 


Alloys, .... 


Prop. Roberts-Austen, 


38 


Griffin's "Health" Publications. 




Ambulance,' 


Dr. Riddell, 


37 


Disinfection and Disinfec- 






tants, .... 


Dr. Rideal, 


36 


First Aid at Sea, 


Dr. Johnson Smith, . 


37 


Foods and Poisons, . 


A. Wynter Blyth, . 


7 


Hygiene, .... 


Surgeon-Major Davies, 


12 


Practical Sanitation, 


Dr. Geo. Reid, . 


36 


Sewage Disposal Works,. 


Santo Crimp, 


11 


Hygienic Prevention of 


J Dr. Squire. [See Medical 


Consumption, 


\ CatalogTie,] 
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SCIENTIFIC AND TECHNOLOGICAL WORKS. 



Grin's Chemical and TecMogical Publications. 



Chemistry for Engrineeps, 
Builders, and Manu- 
facturers, 

Agricultural Chemistry, 

Bleaching: and Calico- 
Printing, 

Cements, 

Dairy Chemistry, 

Disinfectants, . 

Dyeing, 

Electro-Metallurgy, 
Foods, Analysis of. 
Gas Manufacture, 
Oils, Soaps, Candles, 
Painters' Colours, Varnishes, 
Petroleum, MM. 

Photography, . 
Poisons, Detection of. 
Textile Printing, 



MM. Blount and Bloxam, 5 
Prof. J. M. H. Munro, 29 

Geo. Duerr, . . 12 

G. R. Redgrave, . 33 

H. D. Richmond, . 35 

Dr. Rideal, . . 36 
MM. Knecht and Rawson, 25 

G. H. Hurst, . . 23 

W. G. M'MiLLAN, . 27 

Wynter Blyth, . 7 
W. Atkinson Butterpield, 9 

Dr. Alder Wright, . 48 

G. H. Hurst, . . 23 

Redwood and Holloway, 34 

A. Brothers, . . 6 

Wynter Blyth, . 7 

Seymour Rothwell, . 41 



In Large Svo, with Illustrations and Folding-Flates, los. 6d, 

BIjASTINa: 

A Handbook for the Use of Engineers and others Engaged in 
Mining, Tunnelling, Quarrying, &c 

By OSCAR GUTTMANN, Assoc. M. Inst. C.E. 

Mtmher of the Societies of Civil Engineers and Architects of Vienna and Buda^st, 
Corresponding Member of the Imp, Roy, Geological Institution of Austria^ &*c. 

General Contents. — Historical Sketch— Blasting Materials — Blasting Pow- 
der — ^Various Powder-mixtures — Gun-cotton — Nitro-glycerine and Dynamite — 
Other Nitro-compoimds — Sprengel's Liquid (acid) Explosives — Other Means of 
Blasting — Qualities, Dangers, and Handling of Explosives — Choice of Blasting 
Materi^s — ^Apparatus for Measuring Force — Blasting in Fiery Mines — Means of 
Igniting Charges — Preparation of Blasts — Bore-holes — Machine-drilling — Chamber 
Mines — Charging of Bkjre-holes — Determination of the Charge — Blasting in Bore- 
holes — Firing — Straw and Fuze Firing — Electrical Firing— Substitutes for Electrical 
Firing — Results of Working — Various Blasting Operations — Quarrying — Blasting 
Masonry, Iron and Wooden Structures — Blasting in earth, under water, of ice, &c. 

" This ADMIRABLE work."— Ctf/ffifTT Guardian, 

*' Should prove a vade-mecum to Mining Engineers and all engaged in practical woik.* 
— /rm mmd Coal Trades Review. 

LONDON: EXETER STREET, STRAND. jOOglc 



22 amARLBS GRIFFm Jt CO:S PUBLWATIOKS. 

COAL-MINING (A Text-Book of): 

FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MifitHG. 

BY 

HERBERT WILLIAM HUGHES, F.G.S., 

Assoc. Royal School of Mines, Certificated Colliery Manager. 
Third Edition. In Demy Svo, Handsome Cloth, Wilh very Numtrmu 

Illustrations^ mostly reduced from Working Drawings, l&r. 
*• The details of colliery work have been fully described, on the ground that 
eollieries are more often made remunerative by perfection in small matters 
than by bold strokes of engineering. ... It frequently happens, in particular 
localities, that the adoption of a combination of small improvements, any of 
which viewed separately may be of apparently little value, turns an nnfnnofitafale 
ooncem into a paying one." — Extract from Author's Preface. 

GENERAL CONTENTS. 

Qeology : Rocks -Fault»— Order of Succession— Carboniferous System in Britain. 
OmJ : Definition and Formation of Coal— Classification and Commerctai Value of Coals. 
BMizoh for Goal : Boring— various appliamces used — Devices employed to meet Difficulties 
•f deep Boring— Special methods of Boring— Mather & Piatt's, American, and Diamond 
svstems— Accidents in Boring— Cost of Boring— Use of Boreholes. Brttaldng Grotuul: 
Tools— Transmission of Power : Compressed Air, Electricity— Power Machine Drills — Coal 
Cutting by Machinery— Cost^ of Coal Cutting — Explosives— Blasting in Dry and Dusty 
Mines— Blasting by Electricity — Various methods to supersede Blasting. Binkiiig: 
Position, Form, and Sixe of shaft— Operation of gettine down to *' Ston»*-head " — Method of 
■roceeding afterwards-^Lining shafts— Keeping out Water by Tubbing— Cost of Tubbing — 
Sinking by Boring — Kind - Cluuidron, and Lipmann methods— Sinking through Quicksands 
— Cost of Sinking. Preliminary Op«mtion8 : Driving underground Roads — Supporting 
Roof: Timbering, Chocks or Cogs, Iron and Steel Supports and Masonry — Amoigement of 
Inset. Methods of Woridng : Shaft, Pillar, and Subsidence— Bord and Pillar Systen— 
Lancashire Method — Longwall Method— Double Stall Method— Working Steep Seani»— 
Working Thick Seams— Working Seams lying near together — Spontaneous Combustion. 
Bntdage: Rails — ^Tubs— Haulage by Horses — Self-acting Inclines — Direct-acting Haulage 
—Main and Tail Rope — Endless Chain— Endless Rope— Comparison. Windisg: Pit 
Frames — Pulleys— Ca^es— Ropes— Guides — Engines — Drums — Brakes— Counterbalancing — 
Expansion — ^Condensation — Compound Engines— Prevention of Overwinding— Catches at |nt 
top— Changing Tubs-j-Tub Controllers— Signalling. Pumping: Bucket and Plimger 
Pumps — Supporting Pipes in Shaft — Valves — Suspended lifts for Sinking — Cornish and 
Bull Engines — Davey Differential Engine — Worthington Pump — Calculations as to size of 
Pumps — Draining Dee^ Workings — Dsuns. VentUatian: Quantity of air required- 
Gases met with in Mines— Coal-dust-Laws of Friction— Production of Air-currents — 
Natural Ventilation— Furnace Ventilation — Mechanical Ventilators— Efficiency of Fans — 
Comparison of Furnaces and Fans — Distribution of the Air-current— Measurement of Air- 
currents. Iiighting: Naked Lights — Safety Lamps — Modem Lamps — Conclusions — 
Locking and Cleaning Lamps— Electric Light Undemround — Delicate Indicators. Works 
at Bnrfkce; Boilers— Mechanical Stoking— Coal Conveyors— Workshops. Pseparation 
of Goal for ICazket : General Considerations— Tipplers— Screens — Varying the Sixes made 
by Screens— Belts— Revolving Tables— Loading Shoots— T3rmcal Illustrations of the arrange- 
aacnt of Various Screening Establishments— Coal Washoig— Dry Coal Cleaning -Briquettes. 

"Qmte Tim bsst book of its kind ... as paAcriCAL in aim as a book can be . . . 
touches upon every point connected with the actual working of coltieries. The illustzndcpn 
are mxcaiA:KST.^'—Atiet$aum. 

*' A Text-book on Coal-Mining is a great desideratum, and Mr. Hugubs possesses 
AJDMiRABLs QUALIFICATIONS for supplying it. . . . We cordially recommend the work.* 
—Colliery Guardian, 

** Mr. HuoHBs has had opportunities for study and research which fall to the lot of 
but few men. If we mistake not, his text-book will soon come to be regarded as the 
STANDARD WORK of its land."— Btrmtng-kam Daily Gaaette. 

%* Note.—Th^ first large edition of this work was exhausted within a few months 9i 
publication. 
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BOIBNTinO AND TBOBNOLOGIOAL WORKS. n 

WORKS BY GEORGE H. HURST, RCS., 

Member of the Society of Chemical Industry ; Lecturer oa the Techaolqgy of ftinten' 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 



PAINTERS' 
COLOURS, OILS, AND VARNISHESs 

A Practieal Manual. 

Second Edition, Revised and Enlarged, With Numerous UJustrntions. 
Price 128. 6d. 

General Contents.— Introductory— The Composition, Manufacture, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Black— Lakes — Colour and Paint Machinery«*PBUit Vehicles 
(Oils, Turpentine, &c, &c. )— Driers— Varnishes. 

'* This useful book will prove most valuable. We feel bound to recommend it to all 
encaged in the arts concerned." — Chemical News, 

^* A practical manual in every respect . . . bxcesdikgly instructfitk. The 
section on Vaumiahcs the most reasonable we have met with." — Chemist and Dru^iil. 

" Very valuable information is given." — Plumber and Decorator. 

** A THOROUGHLY PRACTICAL book, . . . Constituting, we believe, the only EoigUsh 
work that satisfactorily treats of the manufacture of oils, colours, and pigments." — Chemical 
Trades^ ytmrnal. 

'* Throuj^hout the work are scattered hints whidi are imvaluablx to the intetligent 
deader. " — Invention. 



BY THfi SAME AUTHOR. 

GARMENT 
DYEING AND CLEANING. 

A Prfiietical Book for Praetical Meai« 

With Numerous //lustrations, 4s, 6d. 

General Contents. — Technology of the Textile Fibres — Garment Cleaiuiig 

Dyeing of Textile Fabrics — Bleaching — Finishing of Dyed and Cleaned Fabrics — 

Scouring and Dyeing of Skin Rugs and Mats — Cleaning and Dyeing of Feathers — 

Glove Cleaning and Dyeing — Straw Bleaching and Dyeing — Glossary of Drugs 

and Chemicals— Useful Tables. 

" An UP-TO-DATE hand book has long been wanted, and Mr. Hurst, who has prodnced 
several admirable works, has done nothing more comi^ete than this. An important wook, 
the more so that several of the branches of the craft here treated upon are ateaost entirely 
without English Manuals for the guidance of workers. The price brings it wilhia tAie reach 
of all. " — Dyer and Calico-Printer. 

** Mr. Hurst's work decidedly fills a want . . . ought to be in die hands of 
BVBRY GrARMBNT DYER and cleaaer inthe Kingdom." — Textile Mercury. 

LONDON: EXETER STREET, STRAND. 
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WOBKS BY 

ANDREW JAMIESON, M.Inst.C.K, M.I.E.E., F.R.S.E., 

Proftssor of Electrical Engineering^ The Glasgow and West of Scotland 
Technical College. 



PROFESSOR JAMIESON'S ADVANCED MANUALS. 

In Large Crown Svo, Fully Illustrated, 

1. STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use of Students preparing for Competitive Examinations. 
With over 200 Illustrations, Folding Plates, and Examination Papers. 
Eleventh Edition. Revised and Enlarged, 8/6. 

"Professor Jamieson fascinates the reader by his clbarnhss op cokckption anb 
SIMPLICITY OF EXPRESSION. His treatment recalls the lecturing of Faraday." — Athenmutm. 

"The Best Book yet published for the use of Students."— ^n^'xi^^. 

" Undoubtedly the most valuable and most complete Hand-book en the subject 
that now exists." — Marine Emrineer, 

2. MAGNETISM AND ELECTRICITY (An Advanced Text- 

. Book on). Specially arranged for Advanced and ** Honours " Students. 

8. APPLIED MECHANICS (An Advanced Text-Book on). 

Vol. I. — Comprising Part I. : The Principle of Work and its applica- 
tions ; Part II. : Gearing. Price 7s. 6d. Second Edition. [Now ready. 

"Fully maintains the reputation of the Author— more we cannot szy.**—Pract. 
Engineer. 

Vol. II. — Comprising Parts III. to VI. : Motion and Energy; Strength 
of Materials; Graphic Statics; Hydraulics and Hydraulic Machinery. 

[In active preparation, 

PROFESSOR JAMIESON'S INTRODUCTORT MANUALS. 

With numerous Illlustratiens and Examination Papers, 

1. STEAM AND THE STEAM-ENGINE (Elementary Text- 
Book on). For First-Year Students. Fifth Edition. 3/6. 

** (Duite the right sort of book." — Engineer. 

" Should be in the hands of every engineering apprentice." — Practical Enginetr. 

2. MAGNETISM AND ELECTRICITY (Elementary Text- 
Book on). For First- Year Students. Third Edition. 3/6. 

*' A capital text-book . . . The diagrams are an important feature." — Schoolmaster. 

** A thoroughly trustworthy Text-book. . . . Arrangement as good as well 
can be. . . . Diagrams are also excellent. . . . The subject throughout treated as an 
essentially practical one, and very clear instructions given." — Nature. 

3. APPLIED MECHANICS (Elementary Text-Book on). 

specially arranged for First- Year Students. Second Edition. 3/6. 

** Nothing is taken for granted. . . . The work has very high qualities, which 
may be condensed into the one word * clear.' " — Science and Art, 

A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 
Pocket Size. Leather, 8s. 6d. Twelfth Edition, revised and enlarged. 

LONDON : EXETER STREET. STRAND. 

Digitized by VjOOQ IC 
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** The HOST VALUABLB and useful work on Dyeing that has yet appeared in the English 
language . . . likely to be thx Standard Work of Bbfxrrhcb for years to come."— 
TtxtiU Mercury, 

In Two Large 8vo Volumes, 920 
pp.. with a SUPPLEMENTARY 
Volume, containing Specimens 
of Dyed Fabrics. Handsome 
Cloth, 45s. 




MANUAL OF DYEING: 

FOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 



E. KNECHT, Ph.D., F.I.C., 

Head of the Chemistry and Dyeing Department of 

the Technical School, Manchester; Editor of "The 

Joaxnal of the Society of Dyers and Colonrists ; " 



CHR. RAWSON, F.I.C., F.C.S., 

Late Head of the Chemistry and Dyeing Department 

for the Technical College, Bradford ; Member of 

Council of the Society uf Dyen and Colourists ; 



And RICHARD LOEWENTHAL, Ph.D. 



General Contents.— Chemical Technology of the Textile Fabrics — 
Water — Washiag and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters — Artificial Organic Colouring Matters— Mineral Colours 
— Machinery used in Dyeing — Tinctorial Properties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, &c., &c. 

" This MOST VALUABLE work . - . wiU be Widely appreciated."— CTiemicai JVw*. 

" This aathoritatiye and exhaustive work ... the most complete we have yet seen 
on the subject." — Textile Manufacturer. 

" The MOST EXHAUSTIVE and complete work on the subject extant."— 7lMr<t2e Reeordir. 

" The distinguished authors have placed in the hands of those daily engaged in the dye- 
house or laboratory a work of extreme value and undoubted utility . . . appeals 
quickly to the technologist, colour chemist, dyer, and more particularly to the rising dyer 
of the present generation. A book which it is refreshing to meet with.^*— ilm«rioa» Textilt 
Record. 

LONDON: EXETER STREET, STRAND. 
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26 CHARLES QRIFFIN A CO.'S PUBLICATIOWB. 

GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL MEN. 



J. 0. F. JOHNSON, RG.S., A.I.M.K, 

Life Member AaBtralian Mine-]£aiiagera' AMociation. 
Crown 8i?o, Extra, With TUuatrcUions. Cloth, Ss, 6d. 



NEW VOLUME OP GRIFFIN'S MINING iSERIBS. 

Edited by O. LE NEVE FOSTEB, D.Sc, P.RS., 
H.M. Inspector of Mines, Professor of Mining, Royal School of Mines. 



Hine Accounts and Hining Book-keeping, 

A Manual for the Use of Students, Managrers of 

Metalliferous Mines and Collieries, and 

others interested in Mining. 

With very Numerous Examples taken from the Actual Practice 
of leading Mining CompamAea throughout the fxwrld.]^ 



JAMES G. LAWN, Assoc.R.S.M., 

Professor of Mining at the Sonth African Setiool ef Mines, Capetown, 
Eimberley, and Johannesburg. 

In Large Svo. 



LONDON : EXETER STREET, STRAND. 
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SCIENTIFIC AND TECHNOLOOICAL WORKS. 27 

WALTER G. M 'MILL AN, F.LC, F.C.S., 

Lectnrtr in MttaUvrgy at Maton QoUegty Birmingham. 



ELECTRIC SMELTING AND REFINING: 

A PRACTICAL MANUAL OF 

Thje Extrajction and Treatment of Metals bt Elbctbicai. Methods. 
Being the *' Elektbo-Metaixurgie " of Dr. W. Borghbbs. 

Translated from the Second Oerman Edition 

By WALTER G. MCMILLAN, F.I.O., F.C.S. 

In large 8vo. With Numerous Illustrations and Three Folding-Plates. 

%* The Publishers beg to call attention to this valuable work. Dr. Borchbrs' 
treatise is practical throughout. It confines itself to one branch of Electro-Chemistry, 
viz. :— Electrolysis, a subject which is daily becoming of more and more importance to 
the Practical Metallurgist and Mannfaoturer. Already in the extraction of Aluminium, 
the refining of Copper, the treatment of Gold and other metals, electrical processes are 
fast taking the place of the older methods. Dr. Borchers' work is acknowledged as the 
standard authority on the subject in Germany, and the Engliah version, from the able 
pen of Mr. W. G. M'Millan (author of the well-known Treatise on Electro-Deposition 
and Electro-Plating) will, it is believed, take equal rank in English-speaking countries. 



ELECTRO-METALLURGY (A Treatise on): 

Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, ana Refining of various Metals, and to the Repro- 
duction of Printing Surfisbces and Art- Work, &c. 

Br WALTER G. M'MILLAN, F.LC, F.C.S. 
With numeroua Bliutratioiui. Large Crown 8vo. Cloth 10b. 6d. 



OlNXRAL Contents. — ^Introductorf— fionrees of Cvrrent— General Condition 
lo be obasFved in Electro-Platiag — Pkting Adjuncts and Dispoidtion of Plmt — 
deanang and Prapanrtion of Work for the I^poiitiDe.Vat, and Subsequent Polislung 
of Plated Goods — Electro-Deposition of Cc^^per — Ebctrotvping — Electro- Deposition 
of SilTer— of Gold — of Nickel and Cobalt — or Iron— of Platinum, Zinc, Cadminm, 
Tin, Lead, Antimony, and Bismuth ; Electoo-chromv— Electro-Deposition ef Allfrps-- 
Electn>-Metallur|pcal Extraction and Bafining Prooeiaes — Recovery of certain 
Metals from theu- Solutions or Waste Substaneei— Determination of the Proportion 
of Metal in certain Depositing Solutions — Appendix. 

" This excellent treatise, . . . one of the best and most complete 
manuals hitherto published on Electro-Metallurgy." — Electrical Review, 

*' This work will be a srATn>ASJ>."—Jewdler. 

'*Any metallurgical process which reduces the cost of production 
nrast of neceasity prove of great commercial importance. . . . We 
recommend this manual to all who are interested in the fbactigal 
APPLICATION of electrolytic processes." — NcUure, 

LONDON : EXETER STREET, STRANU 
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28 CHARLES ORIFFIN <fc GO:S PUBLICATIONS, 

MACKENZIE (fhos., Master Mariner, F.R.A.S.): 

PRACTICAL MECHANICS : Applied to the Requirements of 
the Sailor. Crown 8vo, with numerous Illustrations. Handsome 
Cloth. 3s. 6d. [Griffin's Nautical Series, 

" Calculated to be of great practical service." — Fair play. 

" This excellent book . , . contains a L arise amount of information." 
— Nature. 

" Well worth the money . . . will be found exceedingly helpful." — 
Shipping World. 

'** No Ships' Officers' bookcase will henceforth be complete without 
Captain Mackenzie's * Practical Mechanics. ' Notwithstanding my many 
years' experience at sea, it has told me how much more there is to acquire,** — 
(Letter to the Publishers from a Master Mariner), 



MILLAR (W. J., M.Inst.C.E., late Secretary to 

the Inst, of Engineers and Shipbuilders in Scotland) : 

LATITUDE AND LONGITUDE: How to Find them. Crown 
8vo, with Diagrams. 2s. [Griffin's Nautical Series, 

** Concisely and clearly written . . . cannot but prove an acquisition 
to those studying Navigation." — Marine Engineer. • 

** Young Seamen will find it handy and useful, simple and clear."— TAe 
Engvmer, 



Sboond Edition. Enlarged, and very fully Illustrated. Cloth, is. Get 

STEAM - BOILERS! 

THEIK DEFECTS, MANAGEMENT, AND CONSTRUCTION. 
By R D. MUNRO, 

Chief Engineer o/the SooUith Boiler Insurance and Engine Inspection Company. 

This work, written chiefly to meet the wants of Mechanics, Engine- 
keepers, and Boiler-attendants, also contains information of the first import- 
ance to every user of Steam-power. It is a practical work written for fbac- 
TiCAL men, the language and rules being throughout of the simplest nature. 

'* A valuable companion for workmen and engineers engaged about Steam 
Boilers, ought to be carefully studied, and always at hand."— CoW. Ouardian, 

" The subjects referred to are handled in a trustworthy, clear, and practical 
manner. . . . The book is vert useful, especially to steam nsen, 
artasans, and young engineers."— ^^ne^. 



By the same Author. 



KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence? A Practical Hand- 
book based on Actual Experiment. With Diagrams and Coloured Plate, 
Price 3s. 

LONDON : EXETER STREET, STRAND. 

Digitized by VjOOQ IC 
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MUNBO k JAMIESON'S ELECTRICAL POCKET-BOOK, 

Twelfth Edition, Revised and Enlarged. 

A POCKET-BOOK 

OP 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS, 
BY 

JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., r.R.S.E. 
With Numerous Diagrams, Pocket Size. Leather, 8s. 6d. 



GENERAL CONTENTS. 



Units of Measurement. 

Measures. 

Testing. 

Conductors. 

Dielectrics. 

Submarine Cables. 

Telegraphy. 

Electro-Chemistry. 



Electro-Metallurgy. 

Batteries. 

Dynamos and Motors. 

Transformers. 

Electric Lighting 

Miscellaneous. 

Logarithms. 

Appendices. 



*' WoNDBKFULLY Pkrfkct. . . . Worthy of the highest commendatioai w« a 
gire it." — Eiectricxan. 

"The Stbrung Valub of Messrs. Munro and Jamibson's Pockbt-Book." 
Ekciricml Rtview, 



MUNRO (J. M. H., D.Sc, Professor of Chemistry, 

Downton College of Agriculture): • 

AGRICULTURAL CHEMISTRY AND ANALYSIS : A Prac- 
tical Hand-Book for the Use of Agricultural Students. 



NYSTROM'S POCKET-BOOK OF MECHANICS 

AND ENGINEERING. Revised and Corrected by W. Dennis Marks, 
Ph.B., C.E. (YALE S.S.S.), Whitney Professor of Dynamical Engineering, 
University of Pennsylvania. Pocket Size. Leather, 15s. Twentieth 
Edition, Revised and greatly enlarged. 

LONDON : EXETER STREET, STRAND. 
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30 OHARLE8 GRIFFIN A C0.*8 FUBLICATI0N8. 

Demy 8vo, Handsome cloth, 18s. 

physical Geolo^ and Paleontology, 

OJV THE BASIS OF PHILLIPS. 

BY 

HARRY GOVIER SEELEY, F.R.S., 

PBOPBSsom OP GmocAAPinr in king's omxbgs, lomdon. 

VUtb ;rtcntf0pfece In Cbtcmoi-XltbodraiHbi^t anb 5lltt0ttatictitf» 

** It is impossible to praise too highly the research which Profsssok Seklxt*s 
• Physical Geology ' evidences. It is far more than a Text-book — ^it is 
a Directory to the Stndentin prosecuting his res ea rch es.** — PresuUntial Ad' 
dresstothe Geological Society^i^Syhy Rev. Prof, Bmfuy^D,Sc.yLL,D.^ F.R.S. 

" Professor Seeley maintains in his * Physical Geology * Ae high 
reputation he already deservedly bears as a Teacher." — Dr. Henry Wood- 
ward, F,R.S.9 in tk€ << Geoiogiad Magasdne,'* 

" Professor Seeley's work includes one of the most satisfactoiy Treatiasi 
on Lithology in the English language. ... So much that is not acccMibiw 
in other works is presented in this volume, that no Student of GreoloQr am- 
aflord to be without it." — American Journal of Engineering, 



Demy 8vo, Handsome cloth, 34^. 

StratigrapMcal Geology & PalMtoli^, 

OJr THE BASIS OF PHILLIPS. 



ROBERT ETHERIDGE, F.R.S, 

THB NATURAL HIST. DEPARTMENT, BRITISH MUSEUM, LATE PAI.iBONTOLOCIST TO T 

CBOLOCICAI. SURVEY OP GREAT BRITAIN. PAST PRBSIOBNT OP THB 

GBOLOCICAI. SOCIETY, ETC 

TRnftb. Aapt flumetouB XLablce, and XLbitV^eix plate0» 



^* Prospectus of the above important work— perhaps the most elaborate 0/ 
its kind ever written, and one calculated to give a new strength to the stmfy 
of Gofdogy in Britain — may he had on application to the FubUshtrs. 



** N« such compendium of geological knowledge has erer been brought together beiire.'' — 
W mim mi ttr Review, 

" If PaoF. Sebley's volume was remarkable for its originality and die bceaddi of ili view% 
Mr. Etmbridge fully justifies the assertion made in his preface that his book differs hk co^ 
flbuctioii and detail ftom any known manual . . . Must taiee ugh bank aamh* WOBXS 
"^Aihemmm. 
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Third Edition. With Foldinc Plates and Many niustrations. 
Large 8vo. Handsome Cloth. 368. 

ELEMENTS OP METALLURGYs 

A PRACTICAL TREATISE ON THE ART OF EHRACTING METALS 

FROM THEIR ORES. 

By J^ ARTHUR PHILLIPS, M.Inst.C.E., F.C.S., F.G.S., &a 

And H. BAUERMAN, V.P.G.S. 



GENERAL CONTENTS. 

Befractory Materials. Antimony. Iron. 

iFire-Clays. Arsenic. Cobalt. 

Fuels, &c. Zinc. Nickel. 

Almnininm. Mercury. Silver. 

Copper. Bismuta, Gold. 

Tin. Lead. Platinum 



*»* Many wotablb additions, dealing -with new Processes and Developments, 
will be found in the Third Edition. 

" Of the Third Edition, we are still able to say that, as a Text-book of 
Metallurgy, it is the best with which we are acquainted.''— i?n^tni0er. 

**The value of this work is almost iji^timable. There can be no question 
that the amount of time and labour bestowed on it is enormous. . , . There^ 
is certaioly no Metallurgical Treatise in the language calculated to prove of 
such general utility." — Mining Journal. 

" In this most useful and handsome volume is condensed a large amount of 
valuable practical knowledge. A careful study of the first division of the book,' 
on Fuels, will be found to be of great value to every one in training for the 
practical applications of our scientific knowledge to any of our metallurgical 
operations. " — A thenceum. 

** A work which is equally valuable to the Student as a Text-book, and to the- 
practical Smelter as a Standard Work of Reference. . . . The lUustrationa 
are admirable examples of Wood Engraving." — Chemical News, 



POYNTING (J. H., Sc.D., F.R.S., late Fellow 

of Trinity College, Cambridge; Professor of Physics, Mason College, 
Birmingham) : 

THE MEAN DENSITY OF THE EARTH: An Essay to 
which the Adams Prize was adjudged in 1893 in the University of 
Cambridge. In large 8vo, with Bibliography, Illustrations in the Textj 
and seven Lithographed Plates. 12s. 6d. 

"An account of this subject cannot fail to be of orkat and obkkbal ibtibsst to the scientifie 
mind. EspeciallT is this the case when the account is given by one who has contributed a» 
«msidersbi7 as has Prof. Foyntinff to our present state of knowledge with respect to a very 
4lficult subject. . . . Remarkably has Newton's estimate been Termed by Prof. Poynting."— 

POYNTING and THOMSON: TEXT-BOOK 

OF PHYSICS. (See under Thomson), 

LONDON: EXETER STREET, STRAND. 
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32 CHARLB8 ORIFFIN * OO.'S PUBLICATIONS. 

WORKS BY 

W. J. MACQUORN RANKINE, LL.D, F.R.S., 

Late Regius Professor of OloU Engineering In the University of Glasgouf, 
THOROUGHLY BEVISED BY 

W. J. MILLAE, C.E., 

^ Late Secretary to the institute of Engineers and Shipbuilders in Scotland. 



I. A MANUAL OF APPLIED MECHANICS : 

Comprising the Principles of Statics and Cinematics, and Theory of 
Structures, Mechanism, and Machines. With Numerous Diagrams. 
Crown 8vo, cloth, 12s. 6d. FouRTEE^'TH Edition. 

II. A MANUAL OF CIVIL ENGINEERING: 

Comprising Engineering Surveys, Earthwork, Foundations, Ma,sonry, Car- 
pentry, Metal Work, Roads, Railways, Canals, Rivers, Waterworks, 
Harbours, &c. With Numerous Tables and Illustrations. Crown 8vo, 
cloth, 168. Nineteenth Edition. 

IIL A MANUAL OF MACHINERY AND MILLWORK : 

Comprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. Illustrated with nearly 300 Woodcuts. 
Crown 8vo, cloth, 128. 6d. Seventh Edition. 

IV. A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 

With Numerous Tables and Illustrations, and a Diagram of the Mechanical 
Properties of Steam. Crown Svo, cloth, 12s. 6d. Thirteenth Edition. 

V. USEFUL RULES AND TABLES : 

For Architects, Builders, Engineers, Founders, Mechanics, Shipbuilders, 
Surveyors, &c. With Appendix for the use of Electrical Enoinekrs. 
By Professor Jamieson, F.11.S.E. Seventh Edition. 10s. 6d. 

VI. A MECHANICAL TEXT-BOOK: 

A Practical and Simple Introduction to the Study of Mechanics. By 
Professor Rankine and E. F. Bambeb, C.E. With Numerous lUus- 
trations. Crown Svo, cloth, 9s. Fourth Edition. 

V 7%« " Mechanical Text-Book " wa* designed hy ProfeiBor Bahkimx a* an 
DUCTION to the above Series of Manuals. 
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P&OF. Rankinb's Works — (Continued), 

VII. MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 31s. 6d. 

Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave-Forms, Propulsion of Vessels, &c. 

With Memoir by Professor Tait, M. A. Edited by W. J. Millab, C.E. 
With fine Portrait on Steel, Plates, and Diagrams. 

" No more enduring Memorial of Professor Rankine could be devised than the publics- 
tion of these papers in an accessible form. . . . The Collection is most valuable on 
account of the nature of his discoveries, and the'beautjr and completeness of his analysis. 

. . The Voliune exceeds in importance any work La the same department published 
in our time **— Architect. 



CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 

By gilbert R. REDGRAVE, Assoc. Inst. C.E. 

With Illustrations. 8s. 6d. 

General Contents. — Introduction — Historical Review of the Cement 
Industry — ^The Early Days of Portland Cement — Composition of Portland 
Cement— Processes of Manufacture — The Washmill and the Backs — 
Flue and Chamber Drying Processes — Calcination of the Cement Mixture — 
Grinding of the Cement — Composition of Mortar and Concrete — Cement 
Testing — Chemical Analysis of Portland Cement, Lime, and Raw- 
Materials — Employment of Slags for Cement Making — Scott's Cement, 
Selenitic Cement, and Cements produced from Sewage Sludge and the 
Refuse from Alkali Works — Plaster Cements — Specifications for Portland 
Cement — Appendices (Gases Evolved from Cement Works, Effects of Sea- 
water on Cement, Cost of Cement Manufacture, &c., &c.) 

" A work calculated to be of geeat and extended utility y— Chemical News. 

*' Invaluable to the Student, Architect, and Engineer/*— J3ut7(2»n^ News. 

*' A work of the greatest interest and usefulness, which appears at a very critical 
period of the Cement Trade."— jBrt^. Trade Journal. 

"Will be useful to all interested in the manufacture, use, and testing of Cements."— 
Engineer. 
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CHARLES GRIFFIK di CO.'S PUBLICATIONS. 



psTRox^ExriHi: 

AND ITS PRODUCTS: 



BOYERTON REDWOOD, 

F.R.S.E., F.LC, Assoc. Inst. C.E., 

Hon. Corr. Mem. of the Imperial Ruasian Technical Society ; Mem. of the American Ohemical 

Society ; Consulting Adviser to the Corporation of London under the 

Petroleum Acts, tc., &c. 

AssisTBD BY GEO. T. HOLLOWAY, F.LC, Asaoa R.C.S., 
And Numerous Contributors. 

In Two Volumes, Iiarge 8vo. Price 46s. 
Wiith flumetou6 Aap6t plateau and JHuattatfone in tbe ZciU 

GENERAIi CONTENTS. 



vm. Transport, Storage, and Dis- 
tribution of Petroleum. 
IZ. Testing of Petroleum. 
X. Application and Uses of 

Petroleum. 
XI. Legislation on Petroleum at 

Home and Abroad. 
Xn. Statistics of the Petroleum 
Production and the Petroleum 
Trade, obtained Arom the 
most trustworthy and official 
sources. 



1 General Historical Account of 

the Petroleum Industry. 
n. Geological and Geographical 
Distribution of Petroleum and 
Natural Gas. 
m. Chemical and Physical Pro- 
perties of Petroleum. 
IV. Origin of Petroleum and Natural 

Gas. 
V. Production of Petroleum, 
Natural Gas, and Ozokerite. 
VL The Reilnlng of Petroleum. 
Vn. The Shale Oil and Allied In- 
dustries. 

*• The MOST COMPREHENSIVE AND CONVENIENT ACCOUNT that has yet appeared 
of a gigantic industry which has made incalculable additions to the comfort of 
civilised man. . . . The chapter dealing with the arrangement for storage 
and transport of great practical interest. . . . The digest of legis- 
lation on the subject cannot but prove of the greatest utility." — The Times. 
" A SPLENDID contribution to OUT technical literature."— CAcmica^ News* 
"This THOROUGHLY STANDARD WORK ... in every way excellent 
. , . most fully and ably handled . . . could only have been produced 
by a man in the very exceptional position of the Author. . . . Indispen- 
sable to all who have to do with Petroleum, its applications, manufacture, 
STORAGE, or TRANSPORT." — Mining Journal, 

** We must concede to Mr. Redwood the distinction of having produced a 
treatise which must be admitted to the rank of the indispensables. It con- 
tains the last word that can be said about Petroleum in any of its scientific, 
TECHNICAL, and legal aspects. It would be difficult to conceive of a more 
comprehensive and explicit account of the geological conditioos associated with 
the SUPPLY of Petroleum and the very practical question of its amount and 
DURATION.'*— /oMr». of Oos Lighting, 
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Royal Bvo, Handsome Cloth, 26m. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., r.R.S., M.P., 

KMIGMT OF THB IMPKRIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS J08BPH OV 
AUSTRIA; MBDJIDIB OF TURKEY; AND RISING SUN OF JAPAN; VICE- 
PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS. 

fVitA numerifus Illustrations and Tables, 

This work has b«en written for the purpose of placing in the.hattds' of Niaval G>nstmctort, 
Shipbuilders, Officers of the Royal and Mercantile Marines, and all Studmts of Naval Science, 
a complete Treatise upon the Stability of Ships, and is the only work in the £ngliih 
Lainguage dealing exhaustively with the subject. 

In order to render the work complete for the purposes of the Shipbuilder, whether at 
home or abroad, the Methods of Calculation introduced by Mr. F. EL Barnes, Mr. Gkat, 
M. RsECH, . M. Daymard, and Mr. Benjamin, are all given separately, illustrated bj 
Tables>.and worked-out examples. The book contains more than 200 Diagrams, and u 
illustrated by a large number of actual cases, -derived from ships of all descripdons, Imt 
especially izom ships of the Mercantile Marine. 

The work will thus be found to constitute the most comprehensive and exhaustive Trndis* 
hitkerto presented to the Profession on the Science of the Stability of Ships. 



** Sir Edward Reed's * Stability of Ships ' is invaluable. In it the Student, new 
to the subject, will find the path prepared for him, and all difficulties explained with the 
utmost care and accuracy ; the Ship-draughtsman will find ail the methods of calculation at 
piesent in use fully explained and illustrated, and accompanied by the Tables and Forms 
enmloyed ; the Shipowner will find the variations in the Stability of Ships due to diflTereaces 
in fonns and dimensions fully discussed, and the devices by which the state of his ships under - 
all conditions may be graphically represented and easily understood ; the Naval Architect 
will fiuad brought together and ready to his hand, a mass of information which he would other- 
wise have to seek in an almost endless variety of publications, and some of which he would 
pMiiWy mot be able to obtain at all elsewhere/'— *iW«<M«M^>. 

"This important and valuablb-work . . . oannot be 4oo highly recommended to 
all connected with shipping interests." — Iron. 

" This VERY important treatise, . . . the most intelligible, iNSTRUcrrVB, and 
coMrLBTB that has ever appcsured." — Nature. 

"The volume is an essential onb for the shipbuilding profession."— >fV*/iw«»*/rr 
Review. 



RICHMOND (H. Droop, F.C.S., Chemist to the 

Aylesbury. Dairy Company) : 

DAIRY CHEMISTRY FOR DAIRY MANAGERS : A Practical 
Handbook. {Griffin^ s Technological Manuals,) 
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GRIFFIN'S SANITARY PUBLICATIONS. 



Third Edition, Revised. With Additional Illustrations. Price 6s. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 
INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

Fellow of tkt Sanitary Institute of Great Britain, and Medical Officer, 
Staffordshire County Council. 

TRnftb an BppenMi on Sanltati? Xaw 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Medical Officer of Health for the County Borough of JVest Brontwich, 

General Contents. — Introduction — Water Supply: Drinking Water, 
Pollution of Water — Ventilation and Warming — Principles of Sewage 
Removal — Details of Drainage ; Refuse Removal and Disposal — Sanitary 
and Insanitary Work and Appliances — Details of Plumbers Work — House 
Construction — Infection and Disinfection — Food, Inspection of ; Charac- 
teristics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food — 
Appendix : Sanitary Law ; Model Bye-Laws, &c. 

••A VERY useful Handbook, with a very useful Appendix. We recommend 
it not only to Sanitary Inspectors, but to Householders and all interested 
in Sanitary matters." — Sanitary Record. 



In Large SvOy Handsome Cloth, \2s. 6d. 

DISINFECTION & DISINFECTANTS 

(AN INTRODUCTION TO THE STUDY OF). 

Together with an Account of the Chemical Substances used 
as Antiseptics and Preservatives. 

By SAMUEL RIDEAL, D.ScLond., F.LC, F.C.S., 

Examiner La Chemistry to the Royal College of Physicians : formerly Lecturer on 
Chemistry, St. George's Hospital Medical School, &c., &c. 

With Folding-Plate and Illustrations of the most Approved Modem 
Appliances. 

•»• " Notwithstanding the rapid development of Sanitary Science in this country, there docs 
not exist at the present time in the English language any boolc which deals exclusively with the 
composition of Disinfectants. The present volume will, therefore, supply a want which has 
been felt not only by the chemist and bacteriologist, but also by those who are concerned with the 
practical work of disinfection. . . ."—Extract from Authge's Peep acb. 

"De. Ridbal's volume is bound to prove of oekat value, both as a peactical guide and as a 
WOEK OF EEFEEBNCB. "—Pftarmacewfica? Journal. | 

"Ak exhaustive Treatise, dealing with the whole range of the subject :— Disinfection by 
Heat, Chemical Disinfectants, Practical Methods, Personal Disinfection, Legal Regulations, and 
Methods of Analysis ... so very well done and so useful that it will be valued by all 
connected with Sanitation and Public Health."— C%6mt«t and Druggist. 

" A book that has long been wanted . . . will prove of veet oebat value."— Local OcDermr 
meM Journal. 
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GRIFFIN'S "FIRST AID" PUBLICATIONS. 

Third Edition, Revised. Large Crovm Svo. Handsome Cloth, 4«. 

A MANUAL OF AMBULANCE. 

By J. SCOTT RIDDELL, CM., M.B., M.A., 

ABsistanfrSarsreon, Aberdeen Royal Inflrmary ; Lecturer and Examiner to the Aberdeen 

Ambulance Association ; Examiner to the St. Andrew a Ambulance Association, 

Glasgow, and the St. John Ambulance Association, London. 

With Numerous Illustrations and Full Page Plates, 



General Contents. — Outlines of Human Anatomy and Physiology — 
The Triangular Bandage and its Uses — The Boiler Bandage and its Usee 
— Fractures — Dislocations and Sprains — Haemorrhage — Wounds — Insensi- 
bility and Fits — Asphyxia and Drowning— Suffocation— Poisoning — Bums, 
Frost-bite, and Sunstroke — Removal of Foreign Bodies from (a) The Eye ; 
(6) The Ear; (c) The Nose; {d) The Throat; (c) The Tissues— Ambulance 
Transport and Stretcher Drill— The After-treatment of Ambulance Patients 
— Organisation and Management of Ambulance Classes— Appendix : Ex- 
amination Papers on First Aid. 

*'A CAPITAL BOOK. . . . The directions are bhort and clear, and testify to the 
hand of an able surgeon." — Edin. Med. Journal. 

" This little volume seems to us about as good as it couldpossibly be. . . . Contains 
practically every piece of information necessary to render First aid. . . . Should find 
Its place in bvkrt household library.**— 2>a«/y Chronicle. 

*■" So admirable is this work, that it is difficult to imagine how it could be better."— 
Colliery Guardian. 



Crown 8i?o, Extra, Handsome Cloth, 65. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MBBCHANT NAVY. 

INCLUDINO 

FIRST AID TO THE INJURED. 

By WM. JOHNSON SMITH, F.R.C.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

With Coloured Plates and Numerous Illustrations, 

*•* The attention of all interested in our Merchant Navy is requested to this exceedingly 
useful and valuable work. It is needless to say that it is the outcome of many yean' 
PBACTiCAL EXPERIENCE amongst Seamen. 

** Sound, judicious, really helpful."— 7%e Lancet. 

**It would be difflcalt to find a Medical and Surgical Guide more clear and comprehensive 
than Mr. Johnson Smith, whose experience at the Greenwich Hospital eminently qualifies 
him for the task. ... A most attractive work. . . . We have read it from cover 
to cover. ... It gives clearly written advice to Masters and Officers in all medical and 
surgical matters likely to come before them when remote from the land and without a 
doctor. . . . We recommend the work to every Shipmaster and OtSLwt."— Liverpool 
Journal of Commerce. 
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Griffins Plttrikrgkal Smt%. 
STANDARD WORKS OF REFERENCE 

FOR 

Metallurgists, Mine*Owners, Assayers, Manufacturers, 

and all interested in the development of 

the Metallurgical Industries. 

EDITED BY 

W. C. ROBERTS-AUSTEN, C.B, F.R.S., 

CHEMIST AND ASSAYER OP THE ROYAL MINT ; PROFESSOR OF METALLURGY IN 

THE ROYAL COLLEGE OF SCIENCE. 

In Large 8va, Handsome Cloth. With Illustratufus, 



VOLUMES ALREADY PUBLISHED. 

1. INTRODUCTlOir to the STUDY of MjETAIiIiITBaY. 

By the Editor. Third Edition. 12s. 6d. 

" No English text-book at all approaches this in the completeness with 
which the most modem views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced." — Chemical News. 

" Invaluable to the student. . . . Rich in matter not to be readily found 
elsewhere. " — Athenaunii 

*' This volume amply realises the expectations formed as to the result of the 
labours of so eminent an authority. It is remarkable for its originality of con- 
ception and for the large amount of information which it contains. . . . We 
recommend every one who desires information not only to consult, but to study 
this work." — Engineering. 

" Will at once take front rank as a text-book." — Science and Art. 

" Prof. Roberts- Austen's book marks an epoch in the history of the teaching 
of metallurgy in this country. " — Industries. 

2. G-OIiB (The Metallurgy of). By Thos. Kirke Rose, 

D.Sc, Assoc. R.S.M., F.I.C., of the Royal Mint. Second Edition, 
2 IS. (Seep. 40). 

3. IROIf (The Metallurgy of). By Thos. Turner, 

Assoc. R.S.M., F.I.C., F.C.S. i6s. (See p. 46). 



WiU he Published at Short Intervals. 

4. STEEL (The Metallurgy of). By F. W. Harbord, 

Assoc R.S.M., F.I.C. 
6. COPPER (The Metallurgy of). By Thos. Gibb, Assoa 

Royal School of Mines. [At Press. 

6. ME3!AIjL»IJRGICAIj MACHIKKRY: the Application of 

Engineering to Metallurgical Problems. By Henry Charles Jenkins, 
Wh.Sc., ASSOC.R.S.M., Assoc. M. Inst. C.E., of the Royal Mint. 

7. AliLOYS. . By the Editor. 

*^* Other Volumes in Preparations 
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SECOJiD EBITIOK, Bevised and Unlarged. 
In Large 8vo, Handsome cloth, 34s» 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BY 

HENRY ROBINSON, M. Inst. C.E., F.G.S., 

WMUJOm OF king's college, LONDON ; PROF. OP CIVIL BMCnNSMtlNO, 

king's college, etc., etc. 

Iditb numerouB TRIloodcut6t and Slsti^^nfne plated* 



GcNERAL Contents. 

Discharge through Orifices— Gauging Water by Weirs — Flow of Water 
through Pipes — The Accumulator — The Flow of Solids— Hydraulic Presses 
and Lifts — Cyclone Hydraulic Baling Press— And erton Hydraulic Lift — 
Hydraulic Hoists (Lifts) — The Otis Elevator — Mersey Railway Lilts — City 
and South London Railway Lifts — North Hudson County Railway Elevator- 
Lifts for Subways — Hydraulic Ram — Pearsall's Hydraulic Engine — Pumping* 
Engines — Three-Cylinder Engines — Brotherhood Engine — Rigg's Hydraulic 
Engine — Hydraulic Capstans — Hydraulic Traversers — Movable Jigger Hoist — 
Hydraulic Waggon Drop — Hydraulic Jack — Duckham's Weighing Machine — 
Shop Tools — Tweddell's Hydraulic Rivetter — Hydraulic Joggling Press— 
Tweddeli's Punching and Shearing Machine — Flanging Machine — Hydraulic 
Centre Crane — Wrightson's Balance Crane — Hydraulic Power at the Forth 
Bridge^Cranes — Hydraulic Coal-Discharging Machines — Hydraulic Drill- 
Hydraulic Manhole Cutter — Hydraulic Drill at St. Gothard Tunnel — Motors 
with Variable Power — Hydraulic Machinery on Board Ship — Hydraulic Points 
and Crossings — Hydraulic Pile Driver — Hydraulic Pile Screwing Apparatus- 
Hydraulic Excavator — Ball's Pump Dredger — Hydraulic Power applied to 
Bridges — Dock-gate Machinery — Hydraulic Brake — Hydraulic Power applied 
to Gunnery — Centrifugal Pumps — Water Wheels — Turbines— Jet Propulsion— 
The Gerard- Barr6 Hydraulic Railway— Greathead*s Injector Hydrant — SnelFs 
Hydraulic Transport System — Greathead's Shield — Grain Elevator at Frank- 
fort — Packing: — Power Co-operation — Hull Hydraulic Power Company- 
London Hydraulic Power Company — Birmingham Hydraulic Power System 
— Niagara Falls — Cost of Hydraulic Power — Meters — Schflnheyder*s Pressure 
Regulators-Deacon's Waste- Water Meter. 

" A B«ok of greafe Profewional Usefulness.''— /rM». 

%* The Second Edition of the above important work has been thoroughly rettcMd umI 
brought up to date. MauT new full-page Plates have been added— the number beiiic 
Increased from 48 in the First Edition to S9 in the present Full Prospectus, givias « 
description of the Plates, may be had on application to the Publishers. 
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GBIFFIN'S METAIiIiUBGICAL SERIES. 



THE METALLDRfiY OF fiOLD. 

BY 

T. KIRKE ROSE, D.Sc, Assoc.R.S.M., F.I.C., 

Assistant Assayer of the Royal Mint. 

Second Edition. Revised and partly Re-written. Including the most 
recent Improvements in the Cyanide Process, and a new Chapter on 
Economic Considerations (Management, Cost, Output, &c.). With Frontis- 
piece and additional Illustrations. Large 8vo. Handsome Cloth. 21s. 



LEADING FEATURES. 

1. Adapted for all who are interested in the Gold JVIining Industry, being 
free from technicalities as far as possible ; of special value to those engaged in 
the industry — viz. , mill-managers, reduction-officers, &c. 

2. The whole ground implied by the term " Metallurgy of Gold " has been 
covered with equal care; the space is carefully apportioned to the various 
branches of the subject, according to their relative importance. 

3. The MacArthdr-Forrest Cyanide Frocess is fully described for the 
first time. By this process over £2,000,000 of gold per annum (at the rate of) is 
now being extracted, or nearly one-tenth of the total world's production. The 
process, introduced in 1887, has onlv had short newspaper accounts given of it 
previously. The chapters have been submitted to, and revised by, Mr. 
MacArthur, and so freed from all possible inaccuracies. 

4. Among other new processes not previously described in a text-book are~ 
(1) The modern barrel chlorination process, practised with great success in 
Dakota, where the Black Hills district is undergoing rapid development owing 
to its introduction. (2) New processes for separating gold from silver — viz., the 
new Gutzkow process, and the Electrolytic i^rocess ; the cost of separation is 
reduced by them by one-half. 

6. A new feature is the description of exaot methods employed in particular 
extraction works — Stamp-batteries of South Africa, Austraha, New Zealand, 
CaUfomia, Colorado, and Dakota; Chlorination works also, in many parts of 
the world ; Cyanide works of S. Africa and New Zealand. These accounts ar» 
of special value to practical men. 

6. The bibliography is the first made since 1882. 

" Dr. BosB gained his experience in the Western States of America, but he has secured 
details of gold-working from all parts of the world, and these should be of qbkat sxkvicr 
to practical men. . . . The four chapters on Chlorination^ written from the point of Tiew 
alike of the practical man and the chemist, teem with considehations niTHBRxo ukssooo- 
VTSXD, and constitute an addition to the literature of Metallurgy, which will prove to be of 
olasBical value. "—^a<iir<. 

**The most complete description of the chlorination process which has yet been published. 
— JAnin^ Journal. 
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NEW AND IMPORTANT WORK, 



Companion-Volume to MM. Knecht and Rawson's "Dyeing. 

TEXTILE PRINTING: 

A PRACTICAL MANUAL. 

Including the Processes Used in the Printing of 
COTTON, WOOLLEN, and SILK FABRICS. 



C. F. SEYMOUR ROTHWELL, F.C.S., 

Mem. Soc. of Chemical Industries ; late Lecturer at the Municipml Technical School^ Manchester^ 

In Large 8vo, with Illustrations in the text and Specimens of Printed 

Patterns. 



SCHWACKHOFER and BROWNE: 

FUEL AND WATER: A Manual for Users of Steam and Water. 
By Prof. FRANZ SCHWACKHOFER of Vienna, and WALTER 
R. BROWNE, M.A., C.E., late Fellow of Trinity College, Cambridge. 
Demy 8vo, with Numerous Illustrations, 9/. 

Gbnsral Contents.— Heat and Combustion— Fuel, Varieties of— Firing Arrange- 
ments : Furnace, Flues, Chimney — The Boiler, Choice of— Varieties — Feed-water 
Heaters— Steam Pipes — Water; Composition, Purification— Prevention of Scale, &c, &c. 

"The Section on Heat is one of the best and most ludd erer "frcAttn.*'— Engineer. 
" Cannot fail to be valuable to thousands using steam power."— Railway Engineer. 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE : A Hand-Book for Engineere and 
Artizans. With Copious Tables and Valuable Recipes for Practical Use. 
Illustrated. Second Edition. Crown 8vo. Cloth, 7/6. 
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Thlpteenth Edition. Pploe 21«. 

Dmny Svo^ Cloth, With Ntmurtm* lUustratum^^ redund^Jrom 

Working Drawings, 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A. E. SEAT ON, M.Inst.C.EM H. Inst. Hech. E., 
H.Inst.N.A. 



GENERAL CONTENTS. 



Part I.— Principles of Marine 
Propulsion. 

Part II.— Principles of Steam 
Engrineering. 

Part III.— Details of Marine 
Engrines : Design and Cal- 

*»* The Thirteenth Edition includes a Chapter on Water -Tube Boilebs, 
with Illustrations of the leading Types. 



eulations for Cylinders, 
Pistons, Valves, Expansion 
Valves, &;c. 

Part rv.— Propellers. 

Part v.— Boilers. 

Part VI.— Miscellaneous. 



" In the three-fold capacity of enabling a Student to learn how to design, construct* 
and work a Marine Steam- Engine, Mr. Seaton's Manual has no rival."— Z¥mM. 

"The lm)>ortant subject of Marine Engineering is here treated with the tho&ouoh- 
KESS that It reauires. No department has escaped attention. . . . Gives the 
results of mucn close study and practical v/ork"— Engineering. 

** By far the best Manual in existence. . . . Gives a complete account of ibm 
methods of solving, with the utmost possible economy, the problems before the Marin* 
Enfnneer.'*—Athena}um. 

"The Student, Draughtsman, and Ennneer will find this work the most taluabls 
H AxiXBOOK.- of lUfiBrence on the Marine Engine now in existence."— Jfafartai^ d~ 



Third Edition. With Diagrams. Pocket-Size, Leather. Ss. 6d. 
A POCKET-BOOK OP 

MARINE ENGINEERING' RULES AND TABLES, 

FOR THE tJSE OP 

Marine Engineers, Naval Architects, Designers, Draughtsmen* 
Superintendents and Others. 

BY 

A. E. SEATON, M.I.O.E., M.I.Mech.E., M.I.N. A., 

AND 

H. M. ROUNTHWAITE, M.I.Mech.E., M.I.N.A: 

"Admirably fulfils its purpose."— Jlftfrm^ Engineer. 
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WORKS BY A. HVMBOLDT SEXTON, FJ.C., F.C.S., 

Professor of Metallurgy in the Glasgow and West of Scotland Technical College. 



In Large Crown 8ro, Handsome Cloth, 6«. 

ELEMENTARY METALLURGY 

(A TEXT-BOOK OP). 

Including the Author's Practical Laboratory Course. 
With Numerous Illustrations. 



GENERAL CONTENTS.— Introduction— Properties of the Metals— Combustion 
— Fuels— Refractory Materials— Furnaces— Occurrence of the Metals in Nature — Pre- 
paration of the Ore for the Smelter — Metallurgical Processes — Iron : Preparation of 
Pig Iron— Malleable Iron— Steel— Mild Steel— Copper— Lead— Zinc and Tin— Silrer 
— Gold — Mercury — Alloys — Applications of Electricity to Metallurgy — Labora- 
tory Course with Numerous Practical Exercises. 

" The volume before us fully enhavces and confirms Prof. Sexton's repnta* 
tion. . . . Just the kind of work for Students commekcino the study of Metal- 
lurgy, or for Engineering Students requiring a general knowledge of it, or 
for Engineers in practice who like a handy work of reference. To all three 
classes we heartily commend the work. " — Practical Engineer. 

** Excellently got*up and well-arranged. . . . Iron and copper well 
explained by excellent diagrams showing the stages of the process irom start to 
finish. . . . The most novel chapter is that on the many changes wrought 
in Metallurgical Methods by Electricity."— C^ewiicai Trade Journal. 

'* Possesses the great advantage of giving a Course of PracticaIj Work*'* 
— Mining Journal. 



Sexton's (Prof.) Outlines of Quantitative Analysis. 

FOR THE USE OF STUDENTS. 
With niustrations. Fourth Edition. CrowD 8vo, Cloth, 3s. 

" A COMPACT laboratory GUIDE for beginners was wanted, and the want has 
been well supplied. . . . A good and useful book."— Za^io^t. 



Sexton's (Prof.) Outlines of Qualitative Analysis. 

FOR THE USE OF STUDENTS, 
With Illustrations. Third Edition. Crown 8vo, Cloth, 3s. 6d. 

' The work of a thoroughly practical chemist." — British Medical Journal. 
' Compiled with great care, and will supply a want." — Journal of Education. 
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WORKS BY PROF. ROBERT H. SMITH, Assoc.M.LC.E., 

M.I.M.E., M.I.E1.E., M.FecLI.Mi.E., Whit. Sch., M.Ord.Meiji. 

MEASUREMENT CONVERSIONS ^ 

(English and French) : 

28 GRAPHIC TABLES OR DIAGRAMS. 

Showing at a glance the Mqtual Conversion of Measurements 3 

in DiPFERENT Units 

Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities 

of Work, Horse Powers, Temperatures, &c. 

For the use of Engineers, Surveyors, Architects, and Contractors. 

In 4to, Boards, 78. 6d. 



*^* Prof. Smith's Conversion-Tables form the most unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer's Office will be 
considered complete without them. 

" The work is invaluabib."— Coii»«ry Chtardtan. 

" Ought to be in evert oflBce where even occasional conversions are required. . . . Prof. 
Smith's Tables form very excellent checks on results. ... A vbby useful and good 
set of dl&gr&uiB."— Electrical Review. 

•• Prof. Smith deserves the hearty thanks, not only of the Engineer, but of the Commercial 
World, for having smoothed the way for the adoption of tiie Metric System of Measurement, 
a subject which is now assuming great importance as a factor in maintaining our hold upon 
PORBiON TRADE. There can be no doubt that the antiquated system of Weights and Measurea 
used in this country is doomed to be superseded by the much simpler method of decimal 
measurement. The sooner this is recognised, the better."— 2%« Machinery Market. 



THE CALCULUS FOR ENGINEERS, 

WITH EXTENSIVE 

CLASSIFIED REFERENCE LIST OF INTEGRALS. 
By PROF. ROBERT H. SMITH. 

ASSISTED BY 

ROBERT FRANKLIN MUIRHEAD, 

M.A., B.Sc. (Glasgow), B.A. (Cambridge), 

Formerly Clark Fellow of Glasgow University, and Lecturer on Mathematics at 

Mason College. 

In Crown 8ro, extray with Diagrams and Folding- Plate, 
LONDON : EXETER STREET, STRAND. 
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By PROFESSORS J, J, THOMSON ft POYNTING. 

In Large 8vo. Fully Illustrated. 

A TEXT-BOOK OF PHYSICS: 

COMPRISING 

PROPERTIES OF MATTER; HEAT; SOUND AND LIGHT; 
MAGNETISM AND ELECTRICITY. 

BY 

J. H. POYNTING, J. J. THOMSON, 

SC.D., r.B.8., AND ^'^'* r.&.8., 

Late Fellow of Trinity Collie, Cambridge: Fellow of Trinity College, Cambridge; Prof. 

Professor of Physics. Mason College, of Experimental Physics in the Unirersity 

Birmingham. of Cambridge. 



Thibd Edition, Revised and Enlarged. Pocket-Site, Leather, also /or Office Use, Cloth, 12s. 6d. 

BOILERS, MARINE AND LAND; 

THEIR CONSTRUCTION AND STRENGTH. 
▲ Handbook of Rules, FoBMULiC, Tables, &c., relative to Matxbial, 

SOANTLINQS, AND PRESSURES, SAFETY VALVBS, SpRINGS, 

Fittings and Mountings, &;a 

for tbe mac of all Steams»lll6et0* 
By T. W. TRAILL, M.Inst.O.R, F.E.RN., 

Late Engineer Surreyor-in-Ohief to the Board of Trade. 



*^* To the Third Edition many New Tables have been added. 

**Yery nnllke any of the nnmerons treatisefl on Boilers which hare preceded it. . . . Bieally 
«iseftil. . . . Contains an Enobhous Quantitt or Iitfobuation arranged in a yery convenient 
form. . . . Those who have to design boilers will find that they can settle the dimensions for any 
tfiren pressure with almost no calculation with its aid. ... A most usbtul tolumi . . 
supplying information to be had nowhere else."— T%« Enffineer. 

" As a handbook of rules, formulas, tables, &e., relating to materials, scantlings, and pressures, this 
work will prore host usbvul. The name of the Author is a sufficient ffuarantee for its accuracy. It 
will save engineers, inspectors, and draughtsmen a rast amount of calculation."— Mature. 

" By such an authority cannot but prove a welcome addition to the literature of the subject. . . . 
We can strongly recommend it as being the most complxtb, eminently practlcalgwork on the subjw^." 
^Marine Engineer. 

"To the engineer and practical boiler-maker it wUl prove iittalvabli. The tables in all pro- 
iMtbllity are the most exhaustive yet published. . . . Certainly deserves a place on the shelf is 
the drawing office of every boiler shop. — PrMMoal Engineer. 
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OHARLBS GBIFFm S CO.'S FUBLIGATIONS. 



aBIFFIN'S MgTATiT.TTRQIGAIi SBBIBS. 



THE METALLURGY OF IRON. 



THOMAS TURNER. Assoc.R.S.M., F.I.C., 

Director of Technical Instruction to the Staffordshire County Council. 

In Large 8vo, Handsome Cloth, With Numerous Illustrations 
(many prom Photographs). Price 16s. 



GENERAL CONTENTS. 



Early History of Iron. 

Modern History of Iron. 

The Age of Steel. 

Chief Iron Ores. 

Preparation of Iron Ores. 

The Blast Furnace. 

The Air used in the Blast Furnace. 

Reactions of the Blast Furnace. 

The Fuel used in the Blast Furnace. 



Slags and Fluxes of Iron Smelting. 

Properties of Cast Iron. 

Foundry Practice. 

Wrought Iron. 

Indirect Production of Wrought 

Iron. 
The Puddling Process. 
Further Treatment of Wrought 

Iron. 



Corrosion of Iron and steel. 

*' A MOST VALUABLE 8VMMART of usefiil knowledge relating to einery method and 
stage in the manufacture of cast and wrought iron down to the present moment . . . 
particularly rich in chemical details. ... An exhaustive and keallt nbedki> 
compilation by a most capable and thoroughly up-to-date metallurgical 
authority."— jBwZZe^m of the American Iron and Steel Association. 

** This is A delightful book, giving, as it does, reliable information on a subject 
becoming every day more elaborate. . . . The account of the chief iron ores is, 
like the rest of tliis work, rich in detail. . . . Foundry Practice has been made 
the subject of considerable investigation by the author, and forms an interesting and 
able chapter." — Colliery Guardian, 

*' Mr. Turner's work comes at an opportune moment and in answer to a real 
DEMAND. ... A thoroughly USEFUL BOOK, which brings the subject up to 
date. The author has produced an eminemtly readable book. . . . What- 
ever he describes, he describes well. . . . There is much in the work that will be 
of GREAT VALUE to thoBo engaged in the iron isoAastry^'^-^Mining Journal. 



I 1\i R RE PA R A T riQfN. 

Companion-Volume on 

THE METALLURGY OF STEEL. 

By F. W. HARBORD, Assoc.RS.M., F.I.C. 
LONDON: EXETER STREET, STRAND. 
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KMOW YO¥B own SHIP. 

By THOMAS WALTON, Naval Architect. 

SPECIALLY AREAKGED TO SUIT THE REQUIREMENTS OF 

Ships' Officers, Shipowners, Superintendents, Draughtsmen, 
Engineers, and others. Explains, in a simple manner, such 
important subjects as : — 

DiBplacement, Deadweight, Tonnage, Freeboard, Moments, 

Buoyancy, Strain, Structure, Stability, Rolling, Ballasting, 

Loading, Shifting Cargoes, Admission of Water, 

Sail Area, &c., &c. 

Second Edition. With Numerous IlltLslrationa. Handsome Cloth, ds. 

" The little book will be found exceedingly handy by most officers and 
officials connected with shipping. . . . Mr. Walton's work will obtain 
lasting succESf!, because of its unique fitness for those for whom it lias been 
wnti&n.'^— Shipping World. 

** An EXCELLENT WORK, full of solid instruction and invaluable to every 
officer of the Mercantile Marine who has his profession at heart." — Shipping. 

" Not one of the 242 pages could well be spared. It will admirably fulfil its 
purpose . . . useful to ship owners, ship superintendents, ship draughts- 
men, and all interested in shipping." — Liverpool Journal of ComTnerce. 

" A mass of very useful information, accompanied by diagrams and illus- 
trations, is given in a compact form."— J'atrp/ay. 

" A large amount of most useful information is given in the volume. 
The book is certain to be of great service to those w^ho desire to be thoroughly 
grounded in the subject of which it treats." — Steamship. 

** We have found no one statement that we could have wished differently 
expressed. The matter has, so far as clearness allows, been admirably con- 
densed, and is simple enough to be understood by every seaman."— ^ajv'w^ 
Engineer. 



QAS ^HB OIL ENQIHESs 

An Introductory Text-book on the Theory, Design, Construction^ 
. and Testing of Internal Combustion Engines without Boiler. 

FOR THE USE OF STUDENTS. 

BY 

Prof. W. H. WATKINSON, Whit. Sch., M.Inst.Mech.E., 

Glasgow and West of Scotland Technical College. 
In Crewn 8vo^ txtra, with Numerous Illuxtratitms, [Shortly.. 

LONDON: EXETER STREET, STRAND. 
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WORKS BY DB. ALDER WRIGHT, F.B.8. 

FIXED OILS, FATS, BUTTERS, AND WAXES: 

THEIR PREPARATION AND PROPERTIES, 

And the Mannfactare therefrom of Candles, Soaps, and 
Other Prodncts. 

BY 

C. R. ALDER WRIGHT, D.Sc, F.R.S., 

late Lecturer on Chemistry, St. Mary's Hospital School ; Examiner in "Soap" to the 
City and Guilds of London Institute. 

In Large Svo. Handsome Cloth. With 144 Illustrations. 28s. 

** Dr. Wright's work will be found absolutely indispensable by every Chemist. 
Teems vrith information valuable alike to the Analyst and the Technical Chemist." — 
The Analyst 

"Will rank as the Standard English Authority on Oils and Fats for many 
•years to come." — Industries and Ir^n, 



fiBOOHD EDinosr. With rery Nnmerons lUuBtrations. Handsome Cl«th, 6a» 
Also PresenUtion Edition, Gilt and Gilt Edges, 7s. 6d. 

THE THRESHOLD OF SCIENCE: 

Simple and Amusing Experiments (oyep 400) in 
Chemistry and Physics. 



*«* To the New Edition has been added an excellent chapter on the 
SyBtematic Order in which Class Experiments shoold be earned ont for 
£ancational purposes. 

'* Any one who may still have doubts regarding the ralue of Elementary 
Science as an organ of education will speedily have nis doubts dispelled, if 'be 
takes the trouble to understand the methods recommended by Dr. Alder 
Wright. The Additions to the New Edition will be of great service to all 
who wish to use the volume, not merely as a * play-book,* but as an instrument 
for the TRAINING of the mental faculties.'*— JV^crfurc. 

'* Step by step the learner is here gently guided through the paths of science, 
made easy by the perfect knowledge of the teacher, and made flowery by tiie 
most striking and enrioiu exoeriments. Well adapted to become the TREASnasD 
tkhxd of many a bright ana promiring lad.*'— ic«ficAef(0r Mxamm/er* 
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EDgineering Drawing and Design 

(A TEXT-BOOK OF): 
In Two Parts, Published Separately. 
Vol. I. — Practical Geometry, Plane, and Solid. 3s. 
Vol. II. — Machine and Engine Drawing and Design. 4s. 6i>. 



SIDNEY H. WELLS, Wh.Sc, 

A.M.INST.C.B., A.1I.INST.KICH.B., 

PrindiMl oU and Head of the Engineering Department in, the Batteisea PolTtechnio Institute : 

formerly of the Engineering Departments of the Yorkshire College, Leeds ; 

and Dnlwich College. London. 

With many lUustratUmSy specially prepared for the Work, and numerous 
Examples, for the Use of Studznts in Technical Schools and Colleges, 

"A THOBOUOHLT USEFUL woBE, exceedingly well written. For the many Examples and 
^inestions we have nothing but praise."— Mature. 

** A CAPITAL TBXT-BooK, arranged on an xxcbllent ststxsi, calculated to give an intelligent 
crasp of the subject, and not the mere facult/ of mechanical copying. . . . Mr. Wells showi 
how to make comflbtb wobking-dbawinos, discussing fully each step in the design."— JReetriool 

** The first book leads basilt and natuballt towards the second, where the technical papil 
is brought into contact with large and more complex designs."— TA« SchoolmagUr. 



Electrical Heasnrements & Instruments. 

A Practical Hand-boob of Testing for the Electrical 

Engineer. 

By CHARLES H. YEAMAN, 

Assoc. Inst. E.E.. formerly Electrical Engineer to the Corporation of Liverpool. 
The author has had an extensive experience in the use of Electrical Measuring Instruments of 
various tvpes in the Laboratory, Testroom, and Workshop. 
The following subjects of practical importance are dealt with— 

ScppLT Mbtxrs. I Potbntiombtbbs. 

G ALVAN OMETBBa. 

The testing of Supply Meters is a subject upon which very little has been published. Th« 
Potentiometer has not been systematically treated in any recent book on electrical measurement, 
and although Galvanometers are considered by many writers, there still remains the want for a 
connected description of the different types and their uses. 
The Electrical Engineer is particularly concerned with— 

Altbrnatino Current Mbasurehents. 

Faulty Location. 

Dtnaxo and Traksformek Efficiknct Tests. 

Low Resistances. | Medidk Rbsibtamgbs. 

High Resistances. 

Battery Tkstino. | Magnetic Tests. 

Description of Test-rooms and Electro-technical Laboratories. 

This work is written by an Electrical Engineer for Electrical Euffineers. It forms an excellent 

text-book for students proceeding to the "Electrical Instruments section of the Honours Grad« 

Examinations in Electrical Engineering of the City and Guilds of London Institute. 

The majority of the illustrations have not been published before, and have been spedall/ 
prepared for this work. 
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so CHARLES GRIFFIN <k C0.*8 PUBLICATIONS, 



Thirteenth Annual Issue. Handsome cloth, 78, 6d. 
THE OFFICIAL YEAR-BOOK 



SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 

CX>MPILXD F&OM OFFICIAL SOURCES. 

Compriaing {together with other Offcial Information) LISTS of the 
PAPERS read during 1896 before all the LEADING SOCIETIES throughout 
the Kingdom engaged in the following Departmente of Reeearoh : — 



1 1. Sdence Generally : «>., Societies occupy- 
ing^ themselTea with serend Branches of 
Soence, or with Science and Literature 
jointly. 

I a. Mathematics and Physics. 

1 3. Chemistry and Photography. 

1 4. Geology, Geography, and MineralMy. 
Is< Biology, indwiint Microscopy and An- 
thropology. 



I 6. Economic Science and Statistics. 

I 7. Mechanical Science and Architectarab 

f S. Naval and Militaiy Science. 

I 9. Agriculture and Horticulture. 

1 10. Law. 

I zz. Literature. 

fia. Psychology. 

f 13. Archaeology. 

1 14. Medicine. 



Of the Twelfth Issue (for 1895), ^^^ Engineer says — "Every 
year of publication of this book has added to the proofs of its 
usefulness. . . . The Year-books of past years form a very 
HANDY CONSECUTIVE INDEX of the work done by the Societies." 

" Hie Ykax-Book of Sociktiks is a Record which ou|^t to he of the greatest use fpr 
the progress of Science."— gy Ly^n Plajtfairt F.X.S., K.C.B,, Af.P,, Fatt-Prtsidmg 
^ike BrUish Ass0cimi%0H. 

''It goes almost without saying that a Handbook of this subject will be in tine 
eoe of the most generally usefiil works for the library or the desk.*'— T^ Timgs, 
^^^^^^ntish Societies are now well represented in the * Year-Book of the Scientific and 
Learned Societies of Great Britain and Ireland.'"— (Art. "Societies'* in New Edition of 
" Encyclopaedia Britannica,** vol. xxii.) 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the following Issues. 

m 

The YEAR-BOOK OF SOCIETIES forms a complete index to 
the scientific work of the year in the various Departments. 
It is used as a ready Handbook in all our great Scientific 
Centres, Museums, and Libraries throughout the Kingdom, 
and has become an indispensable book of reference to every 
one engaged in Scientific Work. 



LONDON: EXETER STREET, STRAND. 

Digitized by VjOOQ IC 



t BOOK NO FAMILY SHOULD BE WITHOUT. 

Thibtt-Fiest Edition. Royal Svo, Handsome Cloth, 10». Cd. 

A DICTIONARY OF 

DoiestiG Medicine and Honseliold Snidery, 



SPENCER THOMSON, M.D., Edin., L.R.C.S., 

REVISED, AND IN PARI RE-WRITTEN, BY THE AUTHOR, 
BT 

JOHN CHARLES STEELE, M D., 

Late op Guy's Hospital, 

AND BY 

GEO. REID, M.D., D.P.H., 

Mkd. Officer, Staffs. County Council. 

With Appendix on the Management of the Sick-room, and many Hints for the 
Diet and Comfort of InvaUds. 



In its New Form, Da. Spencer Thomson's •*Dictionaey of Domestic Medicine' 
fully sustains its reputation as the '* Representative Book of the Medical Knowledg< 
and Practice of the Day " applied to Domestic Requirements. 

The most recent Improvements in the Treatment op the Sick — in Appliance 
for the Reliep of Pain — and in all matters connected with Sanitation, Hygiene, anc 
the Maintenance of the General Health— will be found in the New Issue in clear anc 
full detail; the experience of the Editors in the Spheres of Private Practice, of Hospita 
Treatment, and of Sanitary Supervision respectively, combining to render the Dictionar} 
perhaps the most thoroughly practical work of the kind in the English Language. Man} 
new Engravings have been introduced — improved Diagrams of different parts of the Humai 
Body, and Illustrations of the newest Medical, Surgical, and Sanitary Apparatus. 

*«* AU DirectUma given in such a form as to he readily and safely followed. 



FROM THE AUTHOR'S PREFATORY ADDRESS. 

'* Without entering upon that difficult ground which correct professional knowledge and educated 
judgment can alone permit to be safely trodden, there is a wide and extensive field for exertion, and foi 
usefulness, open to the unprofessional, in the kindly offices of a true DOMESTIC MEDICINE, the timel] 
help and solace of a simple HOUSEHOLD SUKGEBY, or, better still, in the watchful care more gener 
ally known as * SANITARY PRECAUTION,' which tends rather to preserve health than to cure disease 
' Hie touch of a gentle hand ' will not be less gentle because guided by knowledge, nor will the se^ft 
domestie remedies be less anxiously or carefully administered. Life may be saved, sufferin g ma y alwayi 
be alleviated. Even to the resident in the midst of civilisation, the ' KNOWLEDGE IS POWER/ to a( 
good ; to the settler and emigrant it is INVALUABLE." 



'* Dr. Thomson has fully succeeded in conveying to the public a vast amount of useful professional 
knowledge."— i)u62tn Journal qf Medical Science. 

" The amount of useful knowledge conveyed in this Work is surprising."— if edicoZ Times and Oazette, 
•* Worth its weiqht in gold to families and the cLRRQY,"—0^ord Herald. 
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riRST SERIES—THIRTY-SIXTH EDITION. 
SECOND SERIES—TENTH EDITION. 

MANY THODGHTSlirMAHY MIHDS: 

A Treasury of Reference, conaiating of Selectiona from the Writinga of tk§ 
moat Celebrated Authora. FIRST AND SECOND SERIES. 

OOXPHiED AND ANALTTIGALLT ARRAHOID 

By HENRY SOUTHaATB. 

♦ 

JBaeh Series ia complete in iUelf, and add separately. 

Presentation Edition, Cloth and Gold, . . 128. 6d. each volumt. 

Library Edition, Half Bound, Roxburghe, . . 14s. „ 

Do., Morocco Antique, . . . 21s. „ 

In Square 8vo, elegantly printed on toned paper. 



'•'Maht Thoughts,' &o., are evidently the pro- 
duce of yean of research."— IBseamtner. 

" Many beaatiful ezamplee of thought and style 
are to be found among the selections."— Iread«r. 

" There can be little doubt that it is destined to 
take a high place among books of this class. "~ 

" A treasure to every reader who may be fortu- 
nate enough to possess it Its perusal is like in- 
haling essences ; we have the eream only of the 
great authors quoted. Here all are seeds or gems." 
—Knglith Jcurrtai of Education. 

"Mr. Sonthgate's reading will be found to ex- 
tend over nearly the whole known field of litera- 
ture, ancient and modern."— Oef»<lemaii'« Maga- 
mUu. 

" We hare no hesitation in pronouncing it one 
of the most important books of the season. Credit 
is due to the publishers for the elegance with which 
the work is got up, and for the extreme beauty 
and correctness of the typography."— itfomina 
dunmiele. 

*' Of the numerous volumes of the kind, we do 
not remember having met with one in which the 
selection was more judicious, or the accumulation 
of treasures so truly wonderful."— IfomiiHir Herald. 

"The selection of the extracts has been made 
with taste, Judgment, and critical nicety."— Jlfominflr 
Foat. 

" This is a wondrous book, and contains a great 
many gems of thought."— DatfyJTeios. 

" As a work of reference, it will be an acquisition 
to any man's library."— i*iri)li«*«r«' CVreuIor. 

" Tnis volume contains mor« gems of thought, 
refined sentiments, noble axioms, and extractable 
sentences, than have ever before been brought to- 
gether <n our language."— rA« FM. ^ ^^ ^ .^, 

" All that the poet has described of the beantlftU 
In nature and art, all the axioms of experience. 



*The collection will prove l 

exhaustible, to those in search of a quotation." 
Art JQumaL 



" Will be found to be worth its weight in goM 
by literary men."— Tft« Builder. 

" Every page Is laden with the wealth of pr»« 
foundest thought, and all aglow with the lofnesl 
inspirations ofgenius."— 5tar. 

"^The work of Mr. Southgate fiur ontstripa all 
others of its kind. To the clergymen, the author, 
the artist, and the essayist, ' Many Thoughts of Many 
Minds ' cannot fail to render almost Incalcolable 
MTvice."— Edinburgh Mercury. 

" We have no hesitation whatever In describing 
Mr. Southgate's as the very best book of the clasa. 
There is positively nothing of the kind in the hut- 
gua^e that will bear a moment's comparison witk 
It."— Jfondkester WeMM AdoertUtr. 

" There is no motnl in which we can take it np 
without deriving troia it instruction, consolation, 
and amusement. We heartily thank Mr. Southgate 
for a book which we shall regard as one of 
our best Mends and companions."— CambHd0* 
Chronicle. 

"This work possesses the merit of being a 
MAQHivicBnT oiVT-BOOK, appropriate to all times 
and seasons; a book calculated to be of use te 
the scholar, the divine, and the public man."— 
Freemoion't Mctgaaine. 

" It is not so much a book as a library of quot** 
tions."— Patriot. 

"The quotations abound in that thamghit which 
is the mainspring of mental exerdse."- X4verpool 
OowrUr, 

"For purooses of apporite quotation, it cannot 
be surpassed."— Bristol Time*, 

"It is Impossible to pick out a single passage in 
the work which does not^ upon the laoe of it, jus- 
tify its selection by its intrinsic merit."— />orsel 
OwtMiiels. 

'*We are not surprised that a Sicovd Sxbibs of 
this work should have been called for. Mr. tioutb- 
s»te has the catholic taatee desirable in a good 
Editor. Preachers and publie speakers will find 
that it has special uses for them."— JEdtiiftHrv* Dotif 



" The Sbcovd Sbbibb fUly sostains the deserved 
reputation of the Fiut."— JoAii BM. 
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